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Dear Sir: 

I, Karen Jane Meyrick Morrison, declare as follows: 

1 . I have a Ph.D. in Pathology from The University of Southampton, U.K. I have 
worked in the field of histopathology and immunohistochemistry for nearly 25 years. A copy of 
my curriculum vitae is attached as Exhibit A. 

2. I hold the position of Research Scientist at Agensys, Inc., and I run the tissue 
analysis facility at Agensys. I carry out all procedures associated with histology, including the 
preparation, processing, cutting, staining and analysis of samples by histological, histochemical 
and immunohistochemical techniques. These activities include analyses of tissues and cells by 
bright field microscopy, fluorescence microscopy and computer-aided systems. 
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3. I have reviewed the specification and claims of the above captioned application. I 

note that the claims are directed to STEAP-2 polypeptides. Various uses of STEAP-2 
polypeptides, as well as uses predicated on immunological responses related to STEAP-2, are 
clearly available to those in this field based on the disclosure of the current application and 
knowledge available at the time this case was filed, as I will discuss below. 

4. The use of STEAP-2 polypeptide for diagnostic purposes is disclosed throughout 
the application. For example, without limitation, at page 17 lines 1-11; page 20, lines 1 1-22; 
page 24, lines 30-35; page 26, lines 19-28; page 29, lines 1-7; and, page 32, line 36 through 
page 33, line 9. 

5. In addition, the application provides various disclosures regarding the use of 
immunohistochemical techniques. In particular, immunohistochemistry is disclosed in the 
appUcation as-filed, for example, at page 25, lines 9-12, and 23-27; page 29, lines 1-7; page 41, 
line 1 through page 42, line 22. 

6. Therefore, the application explicitly discloses the use of STEAP-2 as a diagnostic 
target, as noted in paragraph 4 above. Accordingly, one can evaluate levels of STEAP-2 and 
have a usefiil indication of whether that tissue is malignant. In certain cases such as prostate or 
breast the level of STEAP-2 increases above normal and serves as an indication of malignancy. 
In other cases, normal and malignant tissue both express STEAP-2 at comparable levels; this is 
true for tissues such as colon or bladder; this is also true for tissues such as prostate or breast, 
mentioned above, in the course of increasing during malignant pathology. This last point is 
significant as it is the basis for usefiil diagnostic application of the STEAP-2 protein in 
conditions other than advanced disease. 
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7. In situations where STEAP-2 is present in malignant tissue, one of skill in the 
field of histological assessment can perform a variety of analyses such as staining for the 
STEAP-2 protein. In addition, when STEAP-2 is present in both normal and malignant tissue, 
one can evaluate any alteration of subcellular localization of the STEAP-2 protein relative to 
normal. 

8. For example, by use of any number of well known histological methods, such as 
discussed in paragraph 5 above, conclude that a biopsied tissue is, e.g., malignant and that the 
patient from whom the biopsy was obtained has cancer. This is a vitally important diagnostic 
and/or prognostic outcome from a pathology evaluation in a medical or scientific setting. Other 
meaningfiil diagnoses based, e.g., on cellular characteristics such as dysplasia or neoplasia are 
also possible. A histopathology diagnosis need not be of cancer to be important. 

9. The claimed polypeptide and immunogenic compositions thereto are also usefiil 
in view of the phenomena of altered subcellular protein localization in disease states. This is a 
level of information not available from routine tissue staining. Alteration of cells from a normal 
to a diseased state is correlated with changes in cellular morphology and is often associated with 
changes in subcellular protein localization/distribution. For example, cell membrane proteins 
that are expressed in a polarized manner in normal cells can be altered in disease, resulting in 
distribution of the protein in a non-polar manner over the whole cell surface. The ability to make 
such diagnostic decisions on the basis of altered subcellular localization was well known to 
persons of ordinary skill in the histology and pathology arts at the time the present application 
was filed. 

1 0. The phenomenon of altered subcellular protein localization in a disease state has 
been demonsfrated, e.g., with MUCl and Her2 protein expression by use of 

* 
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immunohistochemical means. Normal epithelial cells have a typical apical distribution of 

MUCl, in addition to some supranuclear localization of the glycoprotein, whereas malignant 

lesions often demonstrate an apolar staining pattern (Diaz et al, 2001, The Breast Journa l 7; 40- 

45 (Exhibit B); Zhang et al, 1998, Clinical Cancer Research , 4; 2669-2676:(Exhibit C); Cao et al, 

1997, The Journal of Histochemistry and Cytochemistry , 45; 1547-1557 (Exhibit D)). 

11. In addition, the phenomenon of altered subcellular protein localization in a 
disease state has been demonstrated, e.g., with HER2. Normal breast epithelium is either 
negative for Her2 protein or exhibits only a basolateral distribution whereas malignant cells can 
express the protein over the whole cell surface (De Potter et al, 1989, International Journal of 
Cancer, 44; 969-974 (Exhibit E); McCormick et al, 2002, American J. Clinical Pathology , 117: 
935-943 (Exhibit F)). Alternatively, distribution of the protein may be altered from a surface 
only localization to include diffuse cytoplasmic expression in the diseased state. Such an 
example can be seen with MUCl (Diaz et al, 2001, The Breast JoumaL 7; 40-45 (Exhibit G). 

12. Alteration in the localization/distribution of a protein in the cell, as detected by 
immunohistochemical methods, can provide valuable information concerning the favorability of 
certain treatment modalities. This last point is illustrated by a situation where a protein may be 
intracellular in normal tissue, but cell surface in malignant cells; the cell surface location makes 
the cells favorably amenable to antibody-based diagnostic and treatment regimens. Accordingly, 
the ability to determine whether alteration of subcellular protein localization occurred for 
STEAP-2 makes the claimed STEAP-2 protein very useful. Use of the claimed compositions 
allows practitioners to make important diagnostic and therapeutic decisions. 

13. Moreover, the ability to make diagnostic decisions, such as described herein, was 
well known to persons of ordinary skill in the histology and pathology arts at the time the present 
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application was filed. Also well known to such persons was an appreciation of the value of such 

findings in choosing amongst various treatment approaches. 

14. It is important to note that a histopathology diagnosis is made fi:'om a biopsy 
obtained fi*om a specific tissue site or organ. The specific tissue site or organ is disclosed to the 
scientist in the routine course of requesting an assessment. This is quite different than an 
artificial situation where a histology or binding event is asserted to be useful as "tissue typing." 
As I understand this concept of tissue typing, an asserted use is simply information that one 
tissue has the protein and another tissue lacks the protein. Apparently this fact alone is asserted 
to give the protein usefiil meaning. ^ 

15. Immunohistochemical reagents specific to STEAP-2 are also usefiil to detect 
metastases of tumors expressing STEAP-2 when the polypeptide appears in tissues where 
STEAP-2 is not normally produced. As shown in Figures 14 and 15, expression is substantially 
absent in many tissues and the presence of the polypeptide in these tissues in a subject, e.g., a 
subject diagnosed with a tumor that expresses STEAP-2, is evidence of metastasis in that 
individual. 

16. In summary, claimed STEAP-2 polypeptides and antibodies resulting from 
immune responses thereto are useful in a variety of important contexts, uses supported by the 
specification as-filed. 

17. I declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further, that these 



^ Of note, however, a tissue-related conclusion can be important when evaluating a tissue for the possibility 
of metastases. For example, if an organ does not express a protein, but that organ is a site of metastasis for a 
particular cancer that does express the protein, the existence of the protein in that organ can indicate the presence of 
metastases there. 
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statements are made with the knowledge that willful, false statements and the like so made are 
punishable by fine or imprisonment or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 

Executed at Santa Monica, California on 25 July 2003. 




Karen Jane Meyrick Morrison, Ph.D. 
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Mary Faris, Ph.D. 



ADDRESS: 2538 Almaden Court Agensys Inc. 

Los Angeles, CA 90077 1545 17"^ Street 

310-859-8508 Santa Monica, CA90404 

310-820-8029 

EDUCATION: 

1986: B.S. with Distinction, 

University of the State of New York 

1991: Ph.D. in Immunology and Microbiology 

The Ohio State University 

Dissertation Title : Characterization of the Mechanism of Persistent I-A 
Expression by Macrophages. 
Advisor: Dr. Bruce S. Zwilling 

1991-1994: Postdoctoral Fellowship, University of Virginia. 

1994-1996: Postdoctoral Fellowship, UCLA School of Medicine. 

EXPERIENCE: 

1987-1989; Teaching Assistant, The Ohio State University. 

Microbiology in Relation to Man (Micro 509). 
General Microbiology (Micro 520). 
Principles of Infection and Immunity (Micro 522). 
Cellular Aspects of the Immune System (Micro 632). 

1989-1991: Graduate Research Associate, The Ohio State University. 

Sponsor: Dr. B. Zwilling 

Research Interests : Regulation of MHC class n Expression by IFNy- 
mediated Pathways. 

1991-1994: Postdoctoral Fellow, University of Virginia. 

Sponsor: Dr. S. M. Fu. 

Research Interests : CD40-Mediated Signal Transduction in lymphocytes. 

1994-1996: Postdoctoral Fellow, UCLA School of Medicine. 

Sponsor: Dr. A. Nel. 

Research Interests : Signaling Pathways Mediating T cell Activation. 
Signaling Pathways Involved in the Growth of Kaposi's Sarcoma tumors. 

1996-1998: Researcher, Faculty, UCLA School of Medicine. 

Research Interests : Mechanism of T cell Activation and Apoptosis. 
Integration of multiple factors in the angiogenesis/tumorigenesis of 
Kaposi's sarcoma lesions. 
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1998- 1999: Senior Scientist, Incyte Genonaics. 

Reserch Interests : Mechanism of Tumor Growth and Progression. 
Integrated approach to Cancer Biology and Therapeutic Intervention 

1999- present: Research Scientist m. Group Leader, Agensys Inc. 

Reserch Interests: F unctional Validation of Novel and Recently Discovered Genes 
as Therapeutic Targets for Treatment of Cancer 



PTTRTJCATIONS: 

1. Paris M . and B.S. Zwilling. Somatic Cell Hybrids between Macrophages from Bcgr and 
BcgS Mice: Characterization of MHC Class H Expression. Cellular Immunology, 1990, 127:120. 

2. Paris M. and B.S. Zwilling. Characterization of the Persistent I-A Expression by 
Macrophages from Bcg^Mice. J. Leuk. Biol., 1990, 49:289. 

3 Zwilling B S., M. Dinkins. R. Christner, M. Paris . A. Griffm. M; HiUberger. M. McPeek 
and D. Pearl. Restraint Stress Induced Suppression of MHC Class E Expression by Munne 
Peritoneal Macrophages. J. Neuroimmunology, 1990, 29:125. 

4 Zwilling BSD. Brown, R. Christner, M. Paris . M. HiUberger, C. Van Epps and B.A. 
Hartaub. Differential Effect of Restraint Stress on MHC Class H Expression by Munne 
Peritoneal Macrophages. Brain Behavior and Immunity, 1590, 4:330. 

5. Paris M . and B.S. Zwilling. Characterization of the Induction of Persistent MHC class H 
Expression by Hybrids of Macrophages from Bcg^ and BcgS Mice. Euro. J. Immunol., 1991, 
21:1047. 

6 Paris M F Gaskin. R.S. Geha and S.M. Fu. Tyrosine Phosphorylation Defines a Unique 
TransdJ^ti^athway in Human B Cells Mediated via CD40. Trans. Assoc. Amer. Phys. 1993, 
106:187. 

7. Brown D., M. Paris . M. Hilburger and B.S. Zwilling. The Induction of Persistent I-A 
Expression by Macrophages from Bcg^ Mice Occurs via a Protein Kinase C Dependent Pathway. 
J. Immunol., 1994, 152:1323. 

8 Paris M F Gaskin, J.T. Parsons and S.M. Fu. CD40 Signaling Pathway: AntiiCD40 
mAb Induces Rapid Dephosphorylation and Phosphorylation of Tyrosine-Phosphorylated 
Proteins Including Protein Tyrosine Kinase Lyn, Fyn and Syk and the Appearance of a 28kD 
Tyrosine Phosphorylated Protein. J. Exp. Med., 1994, 179:1923. 

9 Paris M B Ensoli, N. Stahl. G. Yancopoulos, A. Nguyen, S. Wang and A. Nel. 
Differeiitid^ivation of the ERK, JNK and JAK-Stat P^^wf s by Oncostatm M Basic 
Fibroblast Growth Factor in AIDS-Related Kaposi's Sarcoma cells. AIDS, 1996, 10:370. 

10. Paris. M .. N. Kokot, L. Lee and A.E. Nel. Regulation of TL-2 transcription by inducible 
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stable expression of dominant negative and dominant active MEKK-1 in Jurkat T cells. Evidence 
for the importance of Ras in a pathway which is controlled by dual receptor stimulation. J. Biol. 
Chem., 1996, 271:27366. 

11 Paris. M .. N. Kokot. N. Stahl and A.E. Nel. Involvement of Stat3 in Interleukin-6- 
induced IgM production in a human B cell line. Immunol., 1997, 90:350. 

12 Paris M B. Ensoli, N. Kokot and A.E. Nel. Inflammatory Cytokines Induce AP-1 
Response Elements: Activation of the bFGF promoter and expression of various bFGF isoforms 
in Kaposi sarcoma and endothelial cells. ADDS, 1998, 12:19. 

13 Faris M N Kokot, K. Latinis, S. Kasibhatla, D. Green, G. Koretzky and A.E. Nel. The 
INK Cascade Plays a Role in Stress-induced Apoptosis in Jurkat Cells by Upregulating FasL 
Expression. J. Immunol, 1998, 160:134. 

14 Faris M B. Ensoli, J. Said, N. Kokot and A.E. Nel. Dominant active Ras affects the 
life-span, growth factor production and induces Kaposi's sarcoma characteristics m endothelial 
cells. Cancer Res., 1997, submitted. 

15 Ne D N Kokot M. Faris . A. Saxon and A. Nel. Macrophage Activation by Polycyclic 
Aromatic Hyiocarbons: Evidence for the involvement of stress-activation protein kinases, AP-1 
and anti-oxidant response elements. J. Immunol., 1998, 161: 942. 

16 Faris M K M. Latinis, S. Kempiak, G. A. Koretzky and Andre Nel. Stress-Induced Fas 
Ligand &5^ilion in T cells is Mediated Through A NffiKKl-Regulated Response Element m 
the Fas Ligand Promoter. Mol. Cell. Biol., 1998,18: 5414. 

17 Shau, H., A.C. Huang, M. Faris . R. Nazarian., J. de Vellis and W. Chen Thioredoxin 
peroxidase (natural killer enhancing factor) regulation of activator protein-1 function in 
endothelial cells. Biochem. Biophys. Res.Commun. 1998, 249: 683. 

18 Abreu-Martin, M., A. Palladino, M. Faris, N. Carramanzana, A. Nel, and S.R Targan. 
Fas Activates the JNK pathway in Human Colonic Epithelial Cells: Lack of a Direct Role on 
Apoptosis. Am. J. Physiol., 1999, 276: 599. 



ABSTRACTS: 



1. M. Faris and B.S. ZwiUing. Characterization of MHC Class H Expression by 
MacrophageHybrids. J. Leuk. Biol. 46: 3 14(86). 1989. 

2. M. Faris and B.S. ZwiUing. Regulation of the Induction of Per^stent 1^ Exp^^ss^^^^^ 
Macrophages from Mice that are Resistant to Mycobacterium bovis Strain (BCG). FAbtb, 



4:1752, 1990. 



3 M Faris and B.S. ZwiUing. Continuous Expression of MHC class H Glycoproteins by 
Macrophage-Hybrids: Regulation of the Induction of the Beg Gene. Proc. Biomed. Res. Soaety, 

1990. 
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4. B.S. Zwilling and M. Fans. Characterization of the Induction of Persistent I- A 
Expression by Macrophages from Bcg^ Mice. J. Leuk. Biol, 48:52, 1990. 

5. M. Fans and B.S. Zwilling. The Induction of Persistent Expression of MHC Class II (I- 
A) Glycoproteins is Mediated by Protein Kinase C (PK-C). FASEB, 5:5614, 1991. 

6. M. Paris. The Induction of Persistent MHC class II Expression by rlFN-y is Dependent on 
a Protein Kinase C Mediated Pathway. The Graduate Research Forum (OSU), 1991. 

7. M. Paris, F. Gaskin, R. S. Geha and S. M. Fu. Phosphorylation of a 28kD Protein by a 
CD40 Mediated Tyrosine Kinase Pathway. J. Immunol., 150:556, 1993. 

8. M. Paris, F. Gaskin, R. S. Geha and S. M. Fu. Tryosine Phosphorylation Defines a 
Unique Transduction Pathway in Human B Cells Mediated via CD40. Clinical Research, 
41:277A, 1993. 

9. M. Paris and S.M. Fu. CD40 Signal Transduction: Association of CD40 with Lyn, PI3K, 
GAP and PLCy. Clinical Research, 42:206A, 1994. 

10. M. Fails, S. Wang and A. Nel. The Oncostatin M Induced Proliferative Response in 
Kaposi's Sarcoma Cells Involves Adaptor Proteins, Raf-1 and MEK-1. Molecular Pathogenesis 
and Immunology of HIV-1, 1994. 

11. M. Paris, S. Wang, A. Nguyen and A. Nel. The Oncostatin M Response in Kaposi's 
Sarcoma Cells Involves JAKs, Adaptor Proteins, Raf-1 and MEK-1. FASEB, 9:202A, 1995. 

12. A. Nel, M. Paris, F. Xu and N. Kokot. IL-4 and IL-6 UtiUze Distinct JAK/Stat Pathways 
to Drive B-cell Differentiation as Determined at the Level of Ig Genes. Cell Growth Symposium, 
1996. 

13. M. Paris, N. Kokot, L. Lee and A.E. Nel. Regulation of IL-2 Transcription by the JNK 
Pathway in Jurkat Cells. J. All. Clin. Inmiunoi., 99: LB53, 1997. 

14. M. Paris, N. Kokot, K. Latinis, G. A. Koretzky and A£. Nel. Role of the JNK cascade in 
stress-induced apoptosis of Jurkat T cells. FASEB J., 12:930A, 1998. 

15. A.E. Nel, A. Saxon, D. Ng and M. Paris. Macrophage activation by polycyclic aromatic 
hydrocarbons: evidence for the involvement of stress-activated protein kinases, AP-1 and anti- 
oxidant response elements. FASEB J., 12:1062A, 1998. 

16. M. Paris, B. Goka and S. Stuart. Gene expression in breast cancer. Clin. Chem. 45: 10, 
1999. 

17. A. Raitano, I. Vivanco, R. Hubert, E. Chen, M. Fans, D. Saffran, D. Afar and A. 
Jakobovits. Auto-catalytic cleavage of the androgen regulated TMPRSS2 protease results in its 
secretion by prostate and colon cancer epithelia. Proc. Amer. Assoc. Cancer Res. 42: 657, 2001 
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18. M. Fans, P. Velasquez, R. Hubert, D. Saffran, A. Raitano and A. Jakobovits. Validation 
of STEAP-1 as a therapeutic target. 

19. M. Paris, P. Velasquez, P Nolan, R. Hubert, A. Raitano and A. Jakobovits. Validation of 
STEAP-1 as a Cell Surface Cancer Therapeutic Target. Proc. Amer. Assoc. Cancer Res. 43: 947, 

2002. 



PAPERS PRESF.NTHD AT NA TTONAT. MEETINGS: 

26th Annual Meeting, Society of Leukocyte Biology, October 15-18, 1989, Marco Island, 
FL, by M. Fans and B.S. Zwilling. 

American Society for Biochemistry and Molecular Biology, The American Association 
of Immunologists Joint Meeting (FASEB), June 4-7, 1990, New Orleans. LA, by M. Paris and 
B.S. Zwilling. 

27th Annual Meeting, Society of Leukocyte Biology, Twelfth International RES 
Congress, October 14-18, 1990, Heraklion, Crete, Geece by B.S. ZwilUng and M. Paris. 

Immunology of Mycobacterial Infections, National Jewish Center of Immunology and 
Respiratory Medicine, October 1990, Denver, Colorado, by B.S. ZwilUng and M. Paris. 

Federation of American Societies for Experimenfkl Biology, April 21-25, 1991, Atlanta, 
GA, by M. Paris and B.S Zwilling. 

AAP/ASCI/AFCR Clinical Research Meeting, April 30-May 3, 1993, Washington DC by 
M. Paris, P. Gaskin, R.S. Geha and S.M. Pu. 

American Association of Immunologists, The Clinical Inamunology Society Joint 
Meeting (FASEB), May 21-25, 1993, Denver, Colorado, by M. Paris, F. Gaskin, R.S. Geha and 
S.M. Pu. 

AAP/ASCI/AFCR Clinical Research Meeting, April 29-May 2. 1994, Baltimore, MD by 
M. Paris and S.M. Pu. 

Federation of American Societies for Experimental Biology, April 9-13, 1995, Atlanta. 
GA by M. Paris, S. Wang, A. Nguyen and A. Nel. 

UK-RSA Symposium on Cell Growth Control, January 28-February 1, 1996, Cape Town, 
RSA by A. Nel, M. Paris, P. Xu and N. Kokot. 

AAAI/AAI/CIS Joint Meeting, Pebniary 21-26, 1997, San Francisco, by M. Paris, N. 
Kokot, L. Lee and A.E. Nel. 

Federation of American Societies for Experimental Biology, April 18-22, 1998, San 
Fransisco. by M.Paris, N. Kokot, K. Latinis, G. A. Koretzky and A.E. Nel 
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PAPERS PRESENTED AT LOCAL MEETINGS: 

16th Annual ICSABER Graduate Research Forum, May 8, 1990, OSU, Columbus, OH, 
by M. Paris and B.S. Zwilling. 

5th Annual Graduate Research Forum, April 20, 1991, Fawcett Center, Columbus, OH., 
by M. Fans. 

12th Annual Research Day, Department of Medicine, April 26, 1993, QMNI Hotel, 
Charlottesville, VA, by M. Fans. 

13th Annual Research Day in Internal Medicine, April 25, 1994, OMNI Hotel, 
Charlottesville, VA, by M. Faris. 

Annual UCLA AIDS Institute Symposium: Molecular Pathogenesis and Immunobiology 
of HIV-1, November 11, 1994, Loews Santa Monica, CA by M. Faris. 

SEMINARS: 

Department of Microbiology, The Ohio State University, May 30, 1991. Induction of 
persistent MHC class n expression by macrophages. 

Department of Rheumatology, University of Virginia, February 9, 1994. Update in CD40 
mediated signaling: Involvement of PTK, FTP and PI3K. 

Jonsson Cancer Center, UCLA, February 22, 1996. Involvement of the Stat pathway in B 
cell differentiation. 

Department of Rheumatology, UCLA School of Medicine, October 30, 1996. Role of the 
JNK cascade in the regulation of IL-2 production in T lymphocytes. 

Jonsson Cancer Center. UCLA, December 12, 1996. Regulation of IL-2 expression in 
Jurkat cells by MEKKl. 

Jonsson Cancer Center, UCLA, October 28, 1997. Role of the JNK cascade in the 
apoptosis of T cells. 

EuroCancer 1998, Paris, June 4, 1998. Integrated Approach to the Discovery of Cancer 
Therapeutics. 

American Association of Clinical Chemists-Baychem 99, San Francisco, September 24, 
1999. Expression Analysis of Cancer Genes. 

PATFNT APPLICATIONS: 
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1. Detection of Altered Expression of Genes Regulating Cell Proliferation. 1 1-1998. 

2. Detection of EGF Regulated Genes in Breast Carcinomas. 9-1999. 

3. Differential Gene Expression in Prostate Cancer. 2-2000 

4. Prostate Cancer Markers. 2-2000. 

5. GPCR Up-regulated in Prostate Cancer. 10-2000 

6. 36P6D5: Secreted Tumor Antigen. 10-2000 

7. 103P2D6: Tissue Specific Protein Highly Expressed in Various Cancers. 2-2000 

8. Diagnosis and Therapy Using SGP28-Related Molecules. 10-2000 

9. Novel Serpentine Transmembrane Antigens Expressed in Human Cancer. 12-1999 

10. 83P5G4: a Tissue Specific Protein Highly Expressed in Prostate Cancer. 2-2000 
11. 34P3D7: a Tissue. Specific Protein Highly Expressed in Prostate Cancer. 2-2000 



HONORS AND AWARDS: 

Honors Tuition Scholarship 1985-1986 
ICSABER Graduate Forum Award, 1990. 
AFCR Trainee Investigation Award, 1 993 . 

GRANTS AND FUNDING ^ • 

1. NIH-Tumor Immunology Training Grant, 1994. Title: Regulation of Signaling Pathways in 

Kaposi's Sarcoma. $27,000. • u 

2. NIH-Tumor Immunology Training Grant, 1995. Title: Regulation of Signaling Pathways m 

Kaposi's Sarcoma. $29,000. , . ^xtt, t> u • or 

3. NIH Program Project Grant R and D 19, 1998. Title: Role of the JNK Pathway m SLE. 

$60,000 ^ 



PROFESSIONAT. AFFILIATION: 

Society for Leukocyte Biology. 
American Federation for Clinical Research. 
American Association for the Advancement of Science 
American Association of Immunologists 
Jonsson Cancer Center 
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CURRICULUM VITAw/ 

KAREN JANE MEYRICK MORRISON 



TRAINING/QUALIFICATIONS: 

1998 PhD., Department of Pathology, University of 

Southampton, U.K. 

Title of thesis: An investigation of inflammatory cells 
in asthma as studied by immunocytochemical 
techniques on bronchial biopsies. 

1985 Fellow, Institute of Biomedical Sciences, U.K. 

1979 Associate, Institute of Biomedical Sciences, U.K. 

1978 BSC. (Hons.) 2.2 Zoology, 

University of Southampton, U.K. 

EMPLOYMENT 

PRESENT EMPLOYMENT: 

April 2001 - present Research Scientist, Agensys, Inc., 1545 Seventeenth Street, 

Santa Monica, CA 90404. 

PREVIOUS EMPLOYMENT: 

July 1994 - B.M.S. 3 (Biomedical Scientist 3), Cardiothoracic 

January 2001 Surgery, Imperial Cbllege School of Medicine at Harefield Hospital, Harefield, 

U.K. 

September 1993 - Research Associate, Smooth Musde Group, 

July 1994 U.M.D.S., St. Thomas's Hospital, London, U.K. 



June 1992 



Research Associate, Department of Medidne, 



August 1993 



L. .^rsity of Southampton at Southampton -ral Hospital, Southampton, 
U.K. 



October 1988 - 
May 1992 



Research Assistant, Department of Medicine, 

University of Southampton at Southampton General Hospital, Southampton, 
U.K. 



September 1987 
October 1988 



B.M.S. 2, Department of Histopathology, 

Royal Victoria Hospital, Boscombe, Boumemouth, U.K. 



January 1986 - 
September 1987 



B.M.S. 2, Department of Pathology, 

University of Southampton at Southampton General Hospital, Southampton, 
U.K. 



November 1979 - 
January 1986 



B.M.S. 1, Department of Pathology, 

University of Southampton at Southampton General Hospital, Southampton, 
U.K. 



July 1978 - 
November 1979 



Junior 'B' B.M.S., Department of Pathology, 

University of Southampton at Southampton General Hospital, Southampton, 
U.K. 



EXPERIENCE: 



General histology. All general histological techniques including the sample preparation, processing, 
cutting and staining of sections from a variety of frozen, paraffin and resin embedded tissue. 
Immunohistochemistry. Extensive knowledge of numerous immunohistochemical techniques in a 
variety of tissue and cell preparations. These include the development and adaptation of various 
methods in frozen, paraffin and resin embedded preparations. 

Quantitative techniques. Methods for the evaluation of cells and tissue sections using both manual 
and computer-aided systems. 

In situ hybridisation. The use of non-radiolabeled techniques for the demonstration of mRNA in 
tissue sections. 

Responsibility. Instrumental in the establishment and day to day running of immunohistochemistry 
and general histology units previously for the Department of Medicine, Southampton General 
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Hospital; Smooth Muse. . ^roup, St Thomas's Hospital and Departm^ . of Cardiothoracic Surgery, 
Imperial College at Harefield Hospital and in the current post 

• Training and supervision. The training and supen/ision of undergraduate and PhD 

students, biomedical scientists, academic research staff and clinicians undertaking projects requiring 
histological techniques. Teaching immunohistochemistry to visitors from other research institutions 
both in the U.K. and abroad. 
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■ Abstract Epithelial mucins are glycoproteins secreted by 
epithelial cells and their carcinomas. At least nine mucin 
genes have been identified, and their products {MUC1-MUC9) 
are expressed in various epithelia. MUCl is a mucin expressed 
in breast epithelial cells, whereas MUC2 and MUC3 are prima- 
rily intestinal mucins. Although MUCl and MUC2 expression 
has been documented in invasive ductal carcinoma of the 
breast mucin expression in pure ductal carcinoma in srtu (DOS) 
has not been investigated. Sixty-one of 10$ cases of DClS with- 
out coexisting infiltrating carcinoma diagnosed during a 30- 
month period were selected as having suffident tissue for study. 
Paraffin-embedded tissue secuons were stained using Immuno- 
histochemical techniques with mouse monoclonal anti-MUCI, 
anti-MUC2, and rabbit-specifk polyclonal anti-MUC3 antibod- 
ies. Immunoreaaive epitopes of MUCl, MUC2, and MUC3 
were expressed In DCIS in 61. 19, and 16 of 61 cases, respec- 
tively. MUC2.and MUC3 staining intensHy in DCIS was mark- 
edly less than that observed for MUCl. Luminal and/or cyto- 
plasmic patterns of staining were observed for MUCl. MUC2 
and MUC3 showed only cytoplasmic staining. Cytoplasmic- 
only staining of MUCl was associated wHh a higher grade of 
DCIS. Any MUC2 staining was also associated with a higher 
grade of DOS. Coexpression of MUC2 and MUC3 was present 
in only 6 of 151 cases, and MUC3 staining was unrelated to the 
grade of DOS. Cytoplasmic expression of MUCl and MUC2 ap- 
pears to be associated with a higher grade of DOS, MUG ex- 
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pression appears to be independent of grade and expression 
of MUCl and MUC2. The relationship of mucin expression and 
grade warrants further study. ■ 

Key Word^: breast, duaal carcinoma in situ, epithelial 
membrane antigen, immun ©histochemistry, mucin 

Epithelial mucins are transmembrane glycoproteins 
that are produced by both normal epithelial cdls 
and malignant epithelial rumors of pulmonary, gas- : 
crointestinal, gynecologic, and mammary origin. Mucins 
are complex molecules ranging in size from 400 IcDa to 
more rhan 1,000 kDa. They are a heterogeneous group 
of molecules whose variations in molecular structure are 
thought to carry rissuc-spccific functions (1—4), Nine 
such mucins, MUC1-MUC9, have had their genes iden- 
tified and their respective products either complctely or 
partially characterized (5,6). All mucins arc character- 
ized by a tandemly paired and repetitive central peptide 
that is rich in serine and threonine. The peptides have 
little CO no homology among mucin types and are thus 
ideal epitopes for raising type-specific antibodies to mu- . 
cins (2,4,7). MUCl, also known as epithelial membrane 
antigen, is tiie most extensively studied of the mucins . 
(8). Although it was originally described as a tissue-spe- 
cific glycoprotein of breast epithelium, MUCl is present 
in most polarized epithelial cells (7-12). The expression 
f other secretory mucin may be localized to specific tis- 
sue types. MUC2 and MUC3 are thought to be prima- 
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rily expressed in gastrointestinal tissues. MUC4, MUC5, 
and MUC8 are found in bronchial tissues. MUC7 is 
found in salivary gland and MUC6 in gastric epithelium 
(13-17). MUC2. MUC3. MUC5, and MUC6 have 
highly conserved cysteine domains vyrhich arc thought to- 
form disulfide bonds between mucin monomers, ac- 
counting for the high viscosity of these mucins (18). The 
overall tissue distribution of mucins in normal and ma- 
lignant epithelial cells has not been completely eluci- 
dated (13-16). 

Likewise the patterns of mucin expression in benign 
and malignant breast tissue have not been completely es- 
tablished. MUCl is the only mucin that characteristi- 
cally is expressed by normal breast epithelium (5,8,19). 
Several studies have focused on MUCl, MUC2, and 
MUC5 expression in invasive carcinomas of the breast 
(13,16-18) and have noted expression of these mucins 
in coexisting normal and atypical duct epithelium and 
DCIS (17,18). MUCl has been shown to be overcx- 
pressed in invasive ductal carcinoma and is thought to 
facilitate metastatic behavior (8). MUC2 and MUCJ arc 
found in colloid carcinomas of the breast and arc vari- 
ably present in adjacent benign epithelium (11,16,18). 
MUCl has been shown to be absent in most nonmuci- 
nous ductal carcinomas of the breast. Overexpression of 
MUC2 by infiltrating ductal carcinomas has been asso- 
ciated with more aggressive behavior than those without 
(17). The preferred site of expression for MUCS is the 
absorptive cell of the small intestine (6), The presence of 
MUC3 in normal breast epithelium has not been re- 
ported. 

Mucin expression in DCIS without concurrent inva- 
sive disease (so-called pure DCIS) has not been previ- 
ously studied. Characterizing the expression of different 
epithelial mucins in DCIS would help to determine a 
baseline rate of mucin expression and delineate the dif- 
ferences between normal ducal epithelial cells and those 
that form this important precursor lesion of invasive 
breast carcinoma. The primary focus of this study is to 
compare the expression of MUCl with MUC2 and 
MUC3 in discs of pure DCIS, where no invasive carci- 
noma exists, and the adjacent nonmalignant breast epi- 
thelium. 

MATERIALS AND METHODS 

Clinical histories and slides from consecutive patients 
with a diagnosis of DClS were reviewed. Cases with in- 
sufficient in situ tumor for study and cases with coexist- 
ing infiltrating carcinoma were excluded; 105 cases 
were found to meet the above requirements. From each 



Table 1. MUC1, MUC2, and MUC3 Staining Patterns lor 
61 Cases of Pure DCIS 



Staining pattern 


MUCl 


MUC2 




None 


0 


42 


4s 


Cytoplaimic only 


2& 


19 




Combined 


26 


0 


.0 


Luminal only 


9 


0 


:0 



case, two blocks containing DCIS were sectioned at 3 pim 
intervals and mounted on positively charged glass slides ; 
for a total of 12 unstained slides. The first and last sec- ; 
tions were stained with hematoxylin and cosin to con- 
firm the presence of lesional tissue. Forty-four cases did 
not have lesional DCIS maintained in the cut sections 
and these were excluded from the study. The inccrYcning 
sections from the remaining 61 cases were stained for 
MUCl, MUC2, and MUC3. 

The immunohistochemical method is as follows: Un- 
stained sections were deparaffiniied and hydratcd using 
graded xylene and alcohol solutions. Sections were 
stained using an automated stainer with an avidin-biotin 
peroxidase system. Sections were incubated with mouse 
anti-MUCl (clone B24.1, Biomeda Corp., Foster City, 
CA), mouse" anti-MUC2 (clone B306.1, Biomeda), and 
rabbit polyclonal anci-MUC3 (Biomeda). Staining dilu- 
tions were 0.01 \LS/ml for MUCl, 0.01 jig/ml for . 
MUC2, and 0.02 jig/ml for MUC3. Negative controls 
used nonimmune serum on four cases. Tissue sections of • 
stomach and breast vvere used as controls as suggested 
by the manufacturer. 

Stained sections were reviewed by two authors for 
type, pattern, and amount of mucin positiviiy. Sections 
were scored for percentage of carcinoma in situ cell 
staining and the location of staining within positive 
cells. Cells were considered staining positive if the • 
brown pigment of diaminobenzidine could be readily 
detected at scanning magnification. The locations of 
staining consisted of luminal (staining of the duct lumi- 
nal surface), membranous (staining of the entire cyto- 

Table 2. MUCl Staining Compared to Grade of DOS 

GrideofDOS 
1 2 3 Total 

Luminal only 3 ^ ^ 

Combined luminal cytoplajmic 8 ^1 ^ 

Cytoplasmic only 1 6 19 2S 

Total for grade 12 23 26 pl 
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plasmic border), and cytoplasmic (granular staining of 
cell cytoplasm). The percentage of DCIS or epithelial 
cells staining was scored as 0, focal, and positive as fol- 
lows: 0 (0% cells staining), focal (any cells up to 5% of 
tumor cells), and positive (greater than 5% of tumor 
cells). Tumor cells were compared to the epithelial stain- 
ing present in adjacent benign breast tissue. Results were 
compared using Prophet (BBN Systems and Technolo- 
gies), a statistics program sponsored by the National In- 
stitutes of Health, using chi-squared 2 X 2-test. 

RESULTS 

Of the 61 cases of DCIS, 12 were grade 1 and were 
predominately cribriform or solid parfems. Twenty-four 
cases were grade 2 and were cribriform or solid with ne- 
crosis. The remaining 25 DCIS cases were grade 3 jand 
were predominately solid with comedo-type necrosis. 

Table 1 sunimarizes the number of DCIS cases stain- 
ing for each mucin type and the pattern of staining. 
Sixty of 61 cases (98%) demonstrated positive staining 
for MUCl and 1 case was focally positive. Twenty-six 
cases (40%) had cytoplasmic-only staining, 9 cases (15%) 
showed only luminal staining, and 26 cases (40%) had 
combined cytoplasmic and membranous staining. Be- 
nign breast epithelium in 42 of 61 cases showed a lumi- 
nal-only pattern of staining for MUCl. MUCl staining 
was less intense in the benign epithelium of the same 
case when compared to staining of DCIS for the same 
case. Table 2 shows the distribution of MUCl staining 
compared to the grade of DCIS. Nineteen of 26 grade 3 
DCIS cases had only cytoplasmic staining for MUCl 
compared to 7 of 35 grade 1 and 2 cases (p = 0.002). 

Nineteen cases of DCIS (32%) stained with antibody 
to MUC2 and all of these cases demonstrated a cyto- 
plasmic pattern of staining. Of these, 8 had only focal 
staining and 11 were considered positive with more than 
5% of tumor cells staining. Benign breast epithelium in 
two cases had focal staining for MUC2; the remaining 
59 showed no staining with anti-MUC2 antibody. Both 
cases with staining of benign epithelium had coexisting 

Table 3. Staining for MUC2 Compared to Grade of DOS 

t ■ 

Grade of DOS 



1 2 3 Total 



No staining for MLIC2 9 20 13 42 

Focal positive MUC2 0 2 6 8 

Positive MUC2 3 1 6 t1 

Total for 9r«d9 12 24 25 61 



Table 4v Staining for MUC3 Compared to Grade of DCIS 





1 


Grade of DCtS 
2 


3 


Total 


No MUC3 Jtalning 


10 


16 


19 


45 


FocaiMUC35talnln9 


1 


3 


5 


9 


Positive MUC3 Gaining 


1 


5 


1 


7 


Total for gradci 


12 


24 


25 


61 



MUC2-positive in situ lesions. Compared to staining for 
MUCl, MUC2 staining of tumor cells was observed. to 
be less intense than that seen for MUCl staining of 
DCIS. Table 3 shows the distribution of staining for 
MUC2 compared to the grade of DCIS. Twelve of the 
19 cases with any staining for MUC2 were grade 3; in 
situ carcinomas (p < 0.006). 

Sixteen cases of DCIS stained with polyclonal ariti- : 
body to MUC3; of these 9 cases had only focal staining 
of tumor cells and 7 cases had greater than 5% of tumor 
cells staining. All 16 cases demonstrated a cytopl^mic 
pattern of staining. Adjacent benign breast epithelium 
demonstrated faint (background quality) staining in 53 • 
cases in a cytoplasmic in panemj the optical intensity 
was insufficient for positive staining. The distributioa; of 
staining for MUC3 compared to DCIS grade is shown in 
Table 4. A correlation with MUC3 positiviry and high 
grade was not observed. 

Table 5 lists the distribution of staining for MUC2 
compared to MUC3. Most cases that had staining for 
MUC2 were negative for MUC3. Twenty-nine cases tiad 
staining for MUC2 and/or MUC3, but only six cases ': 
showed staining for both mucins, with one or both niu- : 
cins showing only focal staining. 

DISCUSSION 

The results of this study establish a rate of expression 
in pure DCIS for three mucins: MUCl, MUC2,. and 
MUC3. MUCl staining was observed in every casc of 
DCIS (Fig. 1) and was expressed strongly in all but a sin- : 
glc case. Three staining patterns were present for MtlGl: . 

Table 5. Staining of MUC2 Compared to MUC3 for 61 
Cases of DCIS 



Staining for Mua 



Negative Pocal Potltive Total 



MUC3 negative 32 S 8 4S 

Focal MUC3 4 2 3 

PosWve MUO 6 T 0 .7 

Total 41 8 >1 61 
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Figure 1. DC!S sialned with monoclonaf antibody to mucin type 
1 (MUC1); i^Irting is present in both the cytoplasm of the In situ 
carcinoma lining the ducts and variably at the (uminal surface of 
the duas. (Diamlnobezidine wHh hematoxylin counterstain; 
original magnification x200.) 



luminal otdy, cytoplasmic only, and combined luminal 
cytoplasmic. MUCl is the only mucin currently described 
as a cycoplasmic-membranc bound molecule and this 
property explains the observed luminal position of staining 
in the cases studied (5,8). MUCl expression was present 
not only in; DCIS but also in adjacent benign breast epi- 
thelium. Stronger MUCl staining was generally seen in 
DCIS compared to the adjacent benign epithelium. This 
pattern of MUCl expression is similar to that described 
for infiltrating carcinomas (8,9). Also the loss of luminal 
expression Jof MUCl with only cytoplasmic MUCl was 
associated with higher-grade DCIS. This benign and 
neoplastic staining pattern for MUCl parallels that re- 
cently described in the pancreas by Mongcs et al. (19) 
where primarily apical (luminal) staining is expressed in 
benign pancreatic acini compared to cytoplasmic MUCl 
expression present in ductal adenocarcinomas. 

MUC2 expression (Fig, 2) was observed in only 28% 
(19 of 61) of cases of DCIS. MUC2 is characterized as a 
gel-forming protein and this correlated with a purely cy- 
toplasmic staining location of this mucin that v^s ob- 
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Figure 2. DCIS stained with monoclonal antibody to mucin type 
2 (MUC2); vanable granular cytoplasmic staining is present in 
many of the cells. (Oiaminobezidine with hematoxylin counter- 
stain; original magnification x200J 



served in this study. Expression of MUC2 in adjacent 
benign breast tissue was weak to absent, suggesting that 
MUC2 is relatively DCIS specific when positive staining 
is detected. Like cytoplasmic expression of MUCl, 
MUC2 expression in DCIS was strongly associated with ; 
higher grade. Although MUC2 has been shown to be 
strongly expressed by invasive colloid carcinoma, a lcvw- 
grade tumor in breast (16,18). MUC2 positivity }?as 
been correlated with more aggressive rumor behavior 
and poorer prognosis in infiltrating ductal carcinonias 
when compared to MUC2-negative tumors. The associ- 
arion of MUC2 expression with higher-grade DCIS 

would parallel this. 

This is the first study that the authors are aware of 
which describes MUC3 expression in breast epithelium. 
We found that the pattern of staining for MUC3 m 
DCIS and benign breast epithelium was similar to that 
of MUC2 (Fig. 3). However, only 6 of 61 cases showed 
cocxpression of MUC2 and MUC3. MUC3 expression 
did not show a correlation with the grade of DOS; as 
was found for MUC2 and MUCl . 
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Figure 3. Polyclonal antibody raised against mucin type 3 i$ used 
to stain cells of DCIS. Scattered cells show heavy cytoplasmic 
staining, sharply defining them against adjacent negatively 
staining cells. (Diamlnobezidine with hematoxylin counierstaln; 
original magnification x330,) 

4 

This study, using cases of pure DCIS, showed that 
DCIS has patterns of MUCl and MUC2 expression sim- 
ilar to chose described for invasive carcinoma. Of inter- 
est is the observation that MUC2 is expressed in 19 of 
61 (31%) DCIS cases studied and in benign tissue in 
only 2 of 61 cases. This suggests that expression of this 
mucin is a; marker of neoplasia in breast tissue. Cyto- 
plasmic expression of MUCl also appears to mark neo- 
plastic change in DCIS, in that the mechanism of mem- 
brane attachment of MUCl appears to be absent or 
defective in a portion of in situ carcinomas. Immunore- 
activc MUC3 expression of neoplastic breast epithelium 
using polyclonal antibody docs nor appear to correlate 
with MUC2 expression, MUCl cytoplasmic expression, 
or grade of DCIS. Its expression was in a minority of 
DCIS cases in this study, and whether it is expressed in 
invasive carcinoma needs to be further investigated, 
preferably using monoclonal antibodies as they become 
available for study. 

Potential clinical applications utilizing specific mucin 
epitopes of neoplastic breast diseases range from diag- 
nostic to therapeutic. CA 15-3 (MUCl) is currently used 
to monitor response to breast cancer therapy. Radiola- 
beled anticancer antibodies against breast-specific mu- 
cins may be utilized for high-resolution imaging as well 
as tumor-directed therapy, similar to antibody against 
HER-2/«ew (20,21). Mucin protein and carbohydrate 
epitopes arc strong candidates for a tumor vaccine that 
may someday target breast cancer cells specifically. 

MUCl overcxpression and MUC2 expression arc 
found to occur in higher-grade in situ lesions. Kanthan 



et al. (22) recently noted that aberrant mucin expression . 
may be an early step in oncogenesis. These findings and 
those of this study serve to validate the use of grade as a 
marker of biologic behavior. The differential mucin ex- 
pressions are wonhy of funhcr investigation to deter- 
mine if they will prospectively allow the identification of 
duct carcinoma lesions at risk for invasion or recur- 
rence. 
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Inununohistochemistry: Protein Antigens^'^ 



Sbcngle Zhang, Helen S. Zhang, 

Carlos Cordon-Cardo, Govindawami Ragupathi, 

and Philip 0. Livingston*^ 

DcpJrtillcnEs of Mcdicin;: [S. '/... H, S. /C.. G. R... P. 0. L.] an J . 
pjiholoey IC. C. C.l Memorial ShKin-ICcttcring Cancer Center. NcW 
York. Ymt 100:1 ^ ■ . ; 



ABSTRACT 

The relative expression of mucin antigens MUCl, 
MUC2, NfUC3, MUC4. MUCS^c* NHJCfp, and MUC7 nnd 
glycoprotein antigens KSA, carcinoemboonic antigen, pros- 
tate-specific membnine antigen (P.SMA), HF,R-2//7eu, and 
human chorionic gonadotropin-p on dilTcrent cancers and 
normal tissues is dilllcult to determine from available re- 
ports. We have compared the di<;tribution of thc.cc antigens 
by immunohislology on a broud range of malignant and 
normn! ii.^5iues. MUCl expression wxs most intense in can- 
cers of breast, lung, ovarian, and endometrial origin; MUC2 
was most intense in cancers of colon and prostate origin; and 
MUC5.VC- ^^'^^^ w\^s\ intense in cancers of brvast and gasirlc 
origin. MUC4 was intensely expressed in 50% oF cancers of 
colon and pancreas origin, and MUC3, XTUCSk. and MTJC7 
were expressed in a variety ot epithelial cancers^ hut not so 
intensely. KSA was intensely and uniformly expressed on all 
epithelial cancers; carcinoembryonic antigen wcs expressed 
in most cancers of breast, lung, colon, pancreas, and gastric 
origin; and PSNL4 was expressed only in cancers of prostate 
origin. Human chorionic gonadotropin-p was expressed on 
the majority of sarcomas and cancers of breast, lung, and 
pancreas origin, although intense staining was not seen. 
Staining on normal tissues was restricted to one or nuiny 
normal epitheli;d tissues ranging from MUC3, MUC4« !an,(J 
PSMA, which were expressed only on epithelta of pancrcflLS 
stomach, and prostate origin, respectively, to MUCl 4nd 
K*SA, which were expressed on most normal cpithclix *£x^ 
pression was restricted to the secretory borders of thes« 
eplthella while stroma and other normal tissues wtsre com- 
pletely negative. These results plas the results of the two 
previous papers (S. Zhang ei a/., Int. J. Cancer, 7J; 42-49, 
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1997; S. Zhang a cL, Int. J. Cancer, 73: 50-56, 1997) in this 
.scries provide the basis for selection of multiple cell surface 
antigens rtS t.^rgcts for antihody-mediated attack agairut 
these cancers. 

INTRODUCTION 

Tliis is our third cind fmal immunohisttvchcmisio' ^ludy 
comparing the expression of a series of cell surface anliccns 
(5;elecced as potential targets for immunotherapy) on a range cf 
normal and malignaiu tissues. The previous two studies (I. 2) 
focused on carh<')hydrate epitopes expressed in glycolipids. mu- 
cin.^, and other glycoproieias. Here, we focus on the peptide 
epitopes of seven mucins ;md five glycoproteins, each of which 
is available for vticcine construction a.s a consequence of si ni pie 
peptide symhcNis (MUCi-MUC7) or L-xpre.S:?ion in E.vchfirichin 
coli or bae\ilovinj.s (3—7). E;ich of ibcNc antigens is cilhcr known 
(o be cxprc.ssc^l at the cell surface as a consequence of u 
demonstrated inmsmembninc do ma in (MUCl. KSA, CF.A/ 
PSMA. and HER-2//rcw: Rcfs. 8-12) oris thought to be shed by 
tiinior cells and be cither adherent to or abundant in the vicinity 
of tumor cells (MUC2, MUC3. MUC4. MUCS^.c MUCSt,. and 
MUC7 and pKtG: Refs. 13-19). Although the expre.<:sion of 
each of these antigenji on human tumors and normal ds.sucs has 
been described, previous studies were limited in terms of num- 
ber and types of tissues studied, involved mAbs against only one 
to three antigens without direct comparison to expression of 
other antigens, and used different immunoscaining procedures 
(indirect immunofluorescence, indirect immunoperoxidase, or 
ABC immunoperoxidase: Refs. 13 and 19-29). Consequently, 
the comparative distribution of these antigcn.s on cancers and 
normal tissues is difficult to determine from available reporxs, 
. aj though this is precisely the information required for selecting 
cirgct andgcns for immunotherapy. This is especially important 
with the recent development of conjugate vaccines capable ol* 
inducing aniibodie.'i in most paiicnb; ag-iirist a variety of well- 
defined tumor antigen^ (30) and with the recent evidence that 
the inducliyn of ihcsc antibodies correlates with a more favor- 
able pfojrnosis (30-32). 

MATERIALS AND METHODS 

Tissue Samples. Fro/.en iipcrcin}cns embedded in Tissue- 
Tek O.C-T. compound (Diagnostic Di'vision* Elkhart, IN) were 
provided with pathological reporL<i by the Tissue Procurement 
Service of Memorial Sloan-Kettering Cancer Center (New 
York. NY), with the e.tccpiion of four frozen specimens of 
metastatic prosuie cancer, which were kindly provided by Dr. 



7>c abbrcviaiiorvi: uxeJ urr: CCA. carcinoembryonic uniipcn: phCG» 
hunuii cTiof ionic gonadotropin-^: mAb. monoclonal antibody: ABC. 
aviJin-biotin complex: Gl, p.asfminrestinal: PSM.\. pfosiaie-spcciftc 

mcmhrriTw; nnMgrn. 
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Yafr/c ; MQ^^i inAbs used f ur iamiun ohistnlogy 



mAb 

HMFG-2 

LDQIH 

M:V2 

MUC4,275 

CI-H2 

PANH2 

1»ANH5 

NCL-CEA 

Cyt351 

GA733-2 

rQl2 

NCUCBEl 



Antig en sti'ucairc 



Rcf. 



I5M 

IgGl 

IgGl 

TgGl 

lyGl 

hG\ 

l^G 

IgG2a 

UGl 

IgG2a 



MUCl 
MUC2 
MUC3 
MUC4 

MUCS^c 
MUCSp 

MUC7 

PSMA 

KSA 

PhCG 



Vl'SAPDTRl'APCSTAPPAHO rcpciiiin*; 
FTTTPIsrrnvtPTPTP'rGTQT repcaim- 
HKTPSITSSnTTHTTS repeatit\f 
TSSA1;TGHATP[-PVT0 repeating 
TTSTTSAP repeating (intcrrupictl) 
No peptide repeals 

TTAAPl^rPSATTPAPPSSSAPrE rcpcatms 

Glycoprotein tM IRO.nnO) 

Glycoprotein (A/ lOO.O(X)) 

Glycoprotein (W 40,000) 
. 145-amiao acid glycopn)ieiii 
■ Pfot'ein {M I $5,000) 



41. 42 

37 

20 

43 

27 

44. 45 
44. 45 

Vector l-aborjiurics 

28. 4ri 

47 

4S 

& 



niOIr 2 Proponion of canccj' .specimens 



with SrSU'i positive c j.ieer ccH s (S2-t snun ing intgnsi iy) by 

Aniiiyen (mAb) 



inimunohisuilojiy' 



Cutn-ct" 



Mcbnoma 
Sarconna 
NcuroblaMOfTui 
B-ccli lyniphoma 
.Small tell lung 

Mcius{;itic prn.-crarc 

Puncrcu?* 
G .IV trie 
Ov;iri.\n 
UnOumrMfial 



MUCl MUC2 
fHMFG-2) (LDQIO) 

1/5. 



(V5 
0/5 
0 
0/5 
1/5 
5/7" 

:i/5 

.i/5'' 

2/5 
1(5 
5/5'' 
3/5'-' 



MUC3 MUC4 MUC5^c 

(M3.2) (M4.275) (.CLH2) 
^— — • • • ■ — 

1/5 



MUC5f, MUC7 
(PANH2) (PAKH3) 



KSA 
fGA733- 
2^ 



PSMA 
fCyi35I) 



CEA 
(NCU 
CBA) 



UER-2/rl<N/ 

0hCO (NCL- 
fPD12) CBHl) 



0 

1/5 
t) 
0 

3/7 
4/5** 

0 
6/H'' 
2/5 

0 
2/5 

0 



0/5 
0 
0 
0 
0 

1/7 
0 

1/5 
4/8 
0 

3/5 
4/5 
2/5 



0/5 
0 

n 
0 

0 : 
1/7 

0 
4/5 

3/5-' 
2/5 
3/5 
0 



0 
0 

.0 

. . 

5/^" 
-]/5' 

0 
4/S 
2/5 
4/5'' 

0 

1/5 



0/5 
1/5 
0 
0 

0- 

4/6' 

0 
■ 0 
3/ti 
1/5 
1/5 

0 

2/5 



0/5 
1) 
0 
0 
i) 

1/6 
^0 
0 

0 

1/5 
0 

0 



0/5 
0 
0 
0 

5/5'' 
5/7" 
5/5^ 
5/5\ 

m** 

5/5'' 
5/5" 
5/5'' 
5/5'* 



0/5 


1/5 


0/5 


0/5 


{1 


0 


3/5 


0 


0 


0 


1/5 


t) 


0 


0 


0 


0 


I) 


3/5 


1/5 


0 


0/7 




4/7 


1./7 


3/5'' 


n 


1/5 


1/5 


(1 


4/5" 


3/5 


1/5 


0 




2/S 


0/S 


i) 


3/5^ 


4/3 


0 


n 


5/5" 


0 




n 


2/5 


2/5 


0 


0 


1/5 


2/5 


0 



•• All lumor tissutts ^crc siaincd by 
Median 5Uinms miensity was 4+ 



ABC imnuinopcroxidiise tnethivlf. 
for ^80% of cells. 



C Sieve, Bov« (I'BLICAN Laboratory. Johns Hopk.n.<; Umvcr- 
Miy Baliimorc. MD). Cryosiat <;ection.s were cui al 5 M-n^ ' 
in'm and fixed wiih ncuirJ buffered 10% forrnalio -soluttpn..- 
(Sisma Co.. Si. Louis. MO) for 10 min before H&E pypV"*-- ' 

niAb and Im.nonohUtochemislry. The murine, mAbs 
ui.a the anii=ci« ihcy recognize are siimmari«d in Tabic 1. 
niAb HMFG-: wus provided by J. TayJor-Papadimitriou (Im- 
perial C:.nccr Re«;areh Kund. London. United Kingdom): 

d lnvci^adi. Mediea. IMIM. Barcd.nia. Spain): M3.2 and 
MUr4 were provided by V. Apostolopoulcs (Ausim Re- 
.crcb I..>iiiulc. Vieion«. AuMralia): CLH2. PANH2. and 
I'aNH^ vxcre prov ided by H. Clausen (University of Copcnh:.- 
ccn. Cpcnhagcn. Denmark): Cyt351 was provided by W. 
Mesinn (Memorial Sloan-Kettcriltg Cancer Center): hB.l2. was 
pr,.viJcd by O. Belle. (In.s.iiut Cu.t^ve-Roussy^Vv kjuilj 
Franco): .ml CA733-2 uus provided by D. Hcrlyn ij;* 
Insiiiuic. Philudelphu. PA). inAhs NCL-CkA and NCL<8hl 
were purchii.^'C.I I rim Veeu-r Labivaiories. Inc. (Burlingame. 

CAi. , , 

l l.u ABC inunuiwpeioxidd-sc method was perfuriMcd as 



described previously (3.V,. Briefly, the scctioas were quenched 
with 0.1% H,0, in PBS for 15 nun. blocked with av.d.n a. d 
b.otin re.iBcnLs (Vector Laboratories) for 10 min "^h- ■"'^'^.2' 
in 10% scrum of hor>e or from which the *eeond aniiDoay 
wa.. raised, and ineuhaled with various mAbs for 1 h ai optmiai 
concentration. The optimal m.Ab conccniraiion was scIcl c 
ha-sed on the sinmceNi reactivity against the known po.M" 
larcci cells with liiUc or no background agamM f oma. i 
concentrntions of mAhs u.ed were: FB12. 0.5 k^/-"^; Cy'3.1 
and GA7?:,-2. 2 f^i^ml: HMhG-2. M3.2. MUC4.275. CLH-- 
PANHZ. unci PANH.3 (.supcmatanLs). ^c'"'"" ''^ ..50' 
LDOlO and NCL-CBEl (ascites). I:l.v. and NCL.-CtA. t-_ 
The sections were .ubscquen.ly incubated with '* . 

ylatcd horse untimouse IgG or 1:3(30 uoat f ^j" ;„ 
bodies (Vccur Uboratorie..) for 40 min 'J^".'"'"' 
1:50 ABC reagent (Vector Laboraicrie,) for W mm- Rca " 
were developed with 0.02% H,0, and 0.1% 'l'^'"'""^^*;;^. 
,cir..hyd.tK:hloride (Sigma) for 2-5 min. Slides were then c 
tcrMained with Hani., modified hemuioxylin (h.sher .S 

Fair Lawn. NJ) for 1-3 min. The ^'-^^'^"T^^^a.H 
ynide^l based on the percentage of pt-MUve vcu> an 
intensity ub..ve d>at seen on ihe negative control. 
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BnintCincer 



/^,C. / txpfeiisiv-m protein anllysn^ 
y/i bfCAst cancer fA and O), prosutc 
CjiKcr iB and £). anJ uvarian cancer {C 
anti The p.jttcm of iUini»t; of cell 
mtfmbritnc bound anti«;:cnv MUCl (A) 
ami K.SA (/? nnd C) is Indi^tintjuiihabltt 
from '^cc rcicd Antigens MUCS^j^. KD). 
MUC2 (M. tind MUC4 (D. Staining 
mrcnsily in Hicsc ^ccions is graded iis 
loUows: /\. 2--3-t-. Rd'^ of tumor cells 
p^.s:itivc; 4-^. C + . 10t)%: 

3-^. i^ 3-. SO?;-: 3 i . 
Mjitnification. X70 




2+ (moderate). 3+ (strong), and 4+ (very strong or intense). 
Stnining intcnsiticij of 2+ or stronger were considered positive 
(Tabic 2 imd Fivj. I ). ICnou/n positive and negative control slides 
were u.scd in each experiment. Results with the several IgM, 
Ii:C3. and IgG2 mAbs included in the panel of antibodies le^tled 
ruled out non^ipecitlc adherence of particular subclasses of 

anlibodio. ; V'*- 

An indirect immunoperoxidasc assay wxs pcTfamio^v.!k 
described previously (34) on normal liver, kidney, and siomM_^ 
';jmples because diesc tissues reacted strongly with ABC 
gent directly, producing high background. Briefly, the sccii^r^^- 
were quenched with 0.1% HjO^ in PBS for 15 n^in, blocked 
with 1 07e serum, and incubated with mAbs for 1 h at the optimal 
concentration. The sections were incubated with l;l(X) rabbit 
aniimouAC immunoglobulin labeled with peroxidase (DAKO 
Corp., Carpinieria, CA) for I h and developed as described for 
the ABC metliod. 

RESULTS 

RvacUvity of oiAbs with Tumor Tissues. Table 2 sum 



only FBI 2 against phCG reacted tnodcraicly (2+) with some 
sarcomas. KSA was very strongly expressed (median 4-r) on 
small cell lung cancer and all or most .specimens of ail of the 
epithelial cancers. At the other cxttcmc was PSMA, expressed 
only on primary and metastatic prostate cancer (median, 3+- 
4+). phCG was expressed moderately (median, 2-*-) on some 
_ i^amples of most tumor types, but strong expression (3+) on 
^vtJecVslorial specimen:!, such as three of five lung cancer spcci- 
rr^, was also seen. CEA, MUCl. MUC^. and MUC4 were 
strongly expressed on the majority of some epithelial cancers 
(median, 3 +-4+) but not expressed at . all on othcn. MUC3. 
MUC5d. and MUC7 were modcraicly expressed on the majority 
of several cancers (median. 2-I-). .MUCS^^c ^^s strongly cx- 
prtAfyed on only breast and gastric cancers. Confidence in all of 
these reitulLS waa bolstered by the very strong expression (4+) 
seen on some specimens with each of these m.\bs and complete 
lack of staining on other specimens. ^ Strong (3+) HER-2/rteti 
expression was only seen on one prostate canca specimen, and 
the other two positive specimens were 2+. despite ubing ihe 
available ascites at a hi 5 dilution. Consequently, in the 



marizes the staining on tumor tissue samples observed with the abse^nce of a clear positive control : it ^'''f^^^^^^^ 
panel of mAbs. Eighty-cwo neoplastic tissue specimens rcpJc,/ -^Jif^of staining of more specimens with NCL-CBEl against 
senting 13 tumor types were analyzed with each .of thc.^/2_,HtB-2/n.. was a coasequenee, ot law IcveU of anUgcn 
andbodies None of these mAbs reacted eonslsieritly with itt^K"^ inactive antibody, or problems with the assay, 

anomo, neuroblastoma, or B-ccII lymphoma specimens. an% .^ Representative examples of these reactions and our grading 
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2 fc'xpi*vs>ion of protein antigens 
on noriiifll tiusuci. Epithelial cc\U iic 
secretory borders ucrr jitujned in Icid- 
ncy (A) ^ith '"-^^ HMFG2 jgainsr 
MU'Cl (2 + ): in tiomich ty?) u-ith my\b 
CLH2 agaiti-'it MUCSac ^.^"^y^ '^^ ^""-^ 
lO. tivury and iciiis with niAb 
GA733-: ig:iinxt )CSA f4>. 2-*". ^nd 
3 r , tc^ipoctlvcly) and in colon C/)) ^'tH 
*mAb LDOin against MUC2 t"3 !•)• 
M^^gniflcalion. k7(). 




ot pcrcenuce positive tumor cells and staining intensity arc 
j;hownin Fig. I. Staining of stroma with all 12 of these mAbs 
was uniformly negative. 

ReDctjvity of mAbs with Normal TU<;ues. Table 3 sum- 
marizes the immunoreactivity on normal tLibUc samples ob- 
served with the panel of mAbs. MUCl was weakly distribuffd 
on the cpithclia of all of the tested organs, except liver. MUC2 
wai observed on the epithelia of prostate, colon, and pancrea.^. 
MUC3 wai only detected on epithelia of pancreas. MUC4 was 



expression but of the mAb used, KCL-CEA, which cross-reivcm 
with nonspecific cross-roicling antigen on hlsuocyies (35). Ex- 
amples of the staining pattern?: on normal tissues with these 
mAh.<: are shown in Fig. 2. Oner, ajrain. .staining of sUomu was 
uniformly negative. 

DISCUSSION 

One of the .^inking features of our two prcviouM repoa<; was 



cxprc^ed on ei^elia of colon and prostate (weaJdy). MUCS^^f;^?; clear .separation between the carbohydrate 3nU|;cns ex- 
^ . u : .V. -«:rKav.n« MI iri-^^ ' -^m^d bv tumorr: of neuroectodermal ongm and die carbohy- 



wai very strongly expressed in stomach epithelium/MUO .an^ 
HER-2/neu were not expressed on uny normal .ti<y;uesr aii?i''i* 
MUCSh wa.^ only detected on normal colon epithelium and 
weakly in the iestj.<i. (ShCG was detected in epithelia of prostate, 
stomach, and panct^a.-! and wcaldy in colon and lung, and it was 
delected in the testis: PSMA wxs only deteaed on prostate 
epithelia. KSA was strongly expres^ica on the epithelia of all of 
ihc teste J organs except stomach and liver and moderately 
expressed tm .^erninirerous tubules of testis. CEA was strongly 
expressed in the epithelia of pm$tute and colon and weakly in 
lung, uterus and breast. The partem of expression of each of 
these antigens on noriTial epitJielia was mainly luminal, with 
evident polarity. Luminal cells stained mo:it interu^ively at lu- 



'l^sscd by tumors of neuroectodermal origin and die carbohy- 
drate . antigens expressed by tumors of .epithelial origin (1. 2). 
This is also the case for the protein antigens studied here. None 
of die seven mucins were expressed on more than one of the 
specimens of the five nonepithelia] c^gm cancers, but these 
mucins were widely and densely expressed on a variety of 
epithelial cancers. The same applies for the other glycoproteins, 
except that all .<tmall ceU lung canctrs cxpte.<ij;ed KSA very 
strongly and some, expressed CEAj and some .sartomxs ex- 
pressed moderate amounts of (3hCC/On this basis, melanomas. 
5iarcomas. neuroblastoma^, and B-Cd^ll lymphomas-arc quite dis- 
tinct from the eight epithelial cancers tested. Small cell lung 
cancer,, noc surprisingly. Is intermediaxy. with some ehamcier- 



minal borders. In addition. CEA was detected in histiocy t«^^^^ isMf S^^^- , ^ Hicrrihiitiori 

the red pulp of the spleen, an expected consequence not of ^ ' ■?^f ThiS: study differs trom previous reports on the 6stnbuUon 
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of Oicic antigcBN in several ways. Our focus entirely on 
potcniial urgcts for immunotherapy and, especially, on anti- 
body-mediated immunoiheupy. We have comparcd ihc expres- 
sion of 12 antigens niiher than I to 3 and explored a wide vancly 
of malignant and normal tii:sucs rather than a few. Gn the other 
hand, wc leMcd only Hve to eight specimens in most cases, and 
because this u-.is pari of a larger study looking a! expression ot 
glycolipid antigens ;is ^t\l specimens were fixed with 10% 
formalin, which may not be ideal for some proiein antigens 
However, to die extent that others have studied the expression oi 
these ;miigens on these cancers, our study is largely in agrcc- 
mcm. MUCl has Ion- been kno^n to be cxprc^^ed by mnny 
normal epithelial tissues and by many or most cancers of breast, 
ovary, pancreas. prc»iiate, and colon origin (21-2.1, 26). Wc 
concur and add to this li-it cndomcirial and non-small ceU Uing 
cancer. MUC:2 has been previously identified in mo^ colon 
cancers x*. well a.^ cancers of the stomach, pancreas, breast, and. 
recently, prostate (22. 24. 36). Wc concur, except that we found 
no evidence of MUC2 in the five gastric cancer spccirnens ae 
tested. The previously Oescri>:ed more restriacd expression of 
MUC2 than MUC I on nonmal dssue.s (22. 24. 36, 37i. with 
MUC2 detected in the Gl tract and, recently, the prostate (36) 
bul nt.t most other sites, was also oui finding. MUC3 was 
previously detected on the majority of colon, ovarian, iuid 
g;iMric cancers (20, 24). in agreement wiih our findings, but also 
in Ihc Gl tnct but not the pancreas, which is the reverse of our 
findin-s. MUCS^r ^^^-^ previously been detected in the majority 
^u<ATic cancer.^ and in normal stomach, as wc found, and wc 
add U) this stroma cxpre.'ision in most breast cancers (22, 27). 
MUC5„ hi; been docrihed id be strongly expressed on some 
colorectal carcinomas .mU normal colon (22), as m;c. found. -.Wc 
add to this moderate exprcssian of MUC5^ on the majon'ty or 
brcasi cancers. Our study breaks htilc new ground oh- the d:s- 
inbut.on ot K.SA (.>H) and PSMA (4. 2X, 36). except thai we 
were not prepared for the intensity and uniformity ot K.SA 
expression on all epithelial cancers tested (and normal epithelial 
tts*:uc<). und we have extended the number (/dilTerent noimal 
lisviucs and nonprostate cancers that arc nc-auvc for PSMA by 
immunohi.^ioloijy. Likewise, we confirm the strong cxpres.s ion 
of CEA on most bwsi. lung, and Gl malignancies and the 
correspond in2 normal liN.sues as described previously (35, 39, 
40). phCG nIkNA ha.s been described to be .strongly expressed 
in 6Kr of bladder cancers (which wc did not test) and lo be 
moderately expressed in 46'^^ of breast cancers. and 20% of 
prosiaie cunccns f 19). which agrees with our tlndings. vVe add,U) 
ihis nitnioratc cxpressiun in a smiill proportion of >cvcralnther 
cancers and ihe niajt>riiy of sarcomas aiid cancers o^the lun.2 
;iiid pancreas, as well as J variety of normal ussucs.-t . 

A bcncfli ot'Testini! m:m\ dilTcrent types of cancer, with a 
broad ranee i'f ntAb< is that it pcmtils selection oflhe several 
Ai\\\^ici\< most .suitable as largas for imntune nuack a-ainst each 
cancer. E.xprcssitm on normal tissues is. of course, a consider- 
ation in ihis selection, but expression at the secretory border of 
epithelial tissues docs not appear to be a problem (as discussed 
ai -rcaicr leneth in part I of this series; Ref. 1). Antigens 
expressed at epithelial scca-iory borders induce neither tmmu- 
noloiiical tolerance nor detectable auioimmunity once aniibod- 
ic.^ arc adminisiered or itiduccd a^iainsi liicm. Consequently, if 
siron- c.presMun on >8t/> of tumor celh: of fC'/r at more-uf 



Table 4 Protein targets for ■^n^ilx>Jrnicdi3tc d immu nothcrap/ 



C.inccr 



Antigen' 



Melanoina 

K:irx:o[na 

Ncuroblu^itoma 

B-coll lymphomii 

Small cell luni; cancer 

Brca.u 

Prostate 

Lung 

Colon 

Pancreas 

Gastric 

Ovarian 

Rndomcl.nal 



(P.hCG) 
Nnnc 
None 
KSA 

MUCl. MUCS;,^:, (tCSA). (CEA) 
MUC2. KSA. (PSMA) 
MUCl. CFA. KSA. (MUCl). fiihCG) 
MUCl. CEA, KSA. (MUC'i) 
KSA. (MUC41. fClr^A). f(ihCC) 
MUC5,^c:. Gl^A. KSA, (MUC3) 
MUCl. KSA.(MUC3) 
K.SA. (MUCl) 



"Tiirt:-u iclccicd from the 12 unriycns tested in ihis study. 
Aniigcns e.^pres!:cd intcn.sely (4 + ) on ^S07/! of tumor cells in 
uf specimens. Aniiyea^ in parenthciiOi wcic expressed on 
yf lumnr cells strongly + ) on at lea.t 50% or mi)dcmtcly r2 + ) on A 
(cast ^OOi- of ."tpccimen^. 



the cancer specimens tested but not on immune accessible 
tissues arc used as sclceiion criteria, the antigens sclccicd as 
larsets for each cancer arc .shown in Table 4. The results 
summai-ized in Table 4 for protein antigens plus the correspond- 
ing tables for ganaliosidc and carbohydrate uniigens in parts 1 
and U of this serTes (K 2) provide die basis for seleciit>n of 
multiple antigens as targets for antibody-mediated immune at* 
lack against these cancers. 
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ARTICLE 



Mucins (MUC1 and MUC3) of Gastrointestinal and Breast 
Epithelia Reveal Different and Heterogeneous 
Tumor-associated Aberrations in Glycosylation 

Yi Cao Dietmar Blohm, B. Michael Ghadi/S :Peter StosieK. Pei-Xiang Xing, and Uwe Karsten 

SUMMARY In a comprehensive study, we examined the expression of the '^^'^^^^''^ '"^ 
^iZry L ins MUC1 and MUC3. respectively, in non^al and neoplastic 93S"-.nt« 
ZZl^ epithelia before and after specific alterations of ri.e. ^y-^'^ f^S '^iS 
Neuraminidase, a-fucosidaso. or carbohydrat^specific per.odate Jj,^ 
was also .dentined in norma, colorectal tissues by in ^'^'^""J'^^ J^ .'^^^^^^ 
that normal colorectal epithelia express both MUC1 mRNA and protem. which were detect 
aJe artrperSTate oxidation wimall tested MUC1 -specific antibodtes. D"n"9 ^"^^^"^ 
esl in t^e colon. MUC1 became recognizable withoyt-periodate ^^-.""^^t «nc^^^^ 
with highly dysplastic lesions and the malignant state.-ln.the breast. ,n which MUCi .s 
riable Jth most antibodies in normal epithelium a5>e.. as .n «f -"'"a^^^; 

be enhanced by pretreatment with periodate and cas.a„y t,y f ^^"'^^^^^ 
was detectable in normal and neoplastic colorectal tissues and ^^^^^^^^^^^'^^^^ 
after oeriodate oxidation. It was absent in nonmal breast even after pretreatment but was 
e^p^s^dt seven of 20 breast carcinomas. Therefore, incomplete glyco^lauon. abnon^a 
distribution and ectopic expression of mucins are characteristics of 

oxiiSation may widely applicable to immunohistochemistry for exam.nmg changes .n 
gtycosylation and for detecting antigens masRed by g'VJ--^^ ^^.^ 4S:1S47-1S57. i 
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Mucins art a family of highly glycosylated, high mo- 
lecular weight glycoproteins present on the surface of 
many glandular cpitheUal cells and in their secretions 
(Devlnc and McKenzle 1992: Strous and Dekker .1992: 
Jass and Roberton 1994). They consist of a nongl6bu- 
lar. threadlike protein backbone (apomudn) and many 
predomUiandy O-linked glycans. The best-known func- 
tion of mucins U to provide a barrier between the lu- 
minal membranes of epithelial cells and their environ- 
ment. In die digestive tract, this barrier is most 
important because it protects the epithelial cells from 
the action of degradattve enzymes, particularly pro- 
teases. Mucins can be subdivided into two types. 
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secrctOTy and membrane-bound mucins. Secretory 
mucins provide to a large part the viscous gel that cov- 
';''crs most mucosal surfaces of respiratory, gastrointesrtl- 
nal and reproductive tracts. Membrane-bound mu- 
da^ are major components of the apical surface of 
epithelial cells, which contain a hydrophobic stretch 
of amino add residues anchoring the long filamentous 
molecules in the plasma membrane. Several distinct 
cDNAs of mucin core proteins have been isolated that 
are encoded by the mucl-8 genes. MUCl (previously 
labeled PUM. PEM. MAM-6. PAS-0. EMA. NPG. 
HMFGP) the mucl gene product, is a membrane- 
bound mucin (Patron et al. 1995). Its protein back- 
bone consists of 20 amino add residues repeated 
manyfold in undem. a transmembrane sequence, and 
■*a 69 amino add-long cytoplasmic tail. The tandem re- 
peats are rich in serine and threonine as potential 
0-glycosylation sites. MUCl has been described to be 
expressed in normal breast, pancreas, and other glan- 
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dular epithelial tissues (Zotter ec al. ^if^^^^^^ 
al 1989:Hoetal. 1993;Pation ctal. 1995). MUCS ls 
a secretory mucin: its cenrral region Is composed of an 
extended region of tandem repeat sequences of 17 
amino acids each. It is present in normal gastroin^ti- 
nal secretions and epithclia and in some tumors (Gum 
et al. 1990). Ovenixpreision of mucins and mucln- 
assoclated glycotopes on the surface of tumor ceUs 
provides valuable tumor markers for clinical diagnosis 
and targets for immunotherapy (Apostolopoulos and 
McKenzie 1994; Taylor-Papadimitriot\ and Epenctos 
1994- Graham et al. 1996). In addition, the increased 
expression of MUC 1 contributes to the malignant phe- 
notype (Milkens et al. 1995). However, several im^>or- 
tant quesUons remain to be answered, (a) Do normal 
intestinal epitheUal ceUs expr^ MUC I? This is/^a 
question at issue. Most reports have suggested that 
normal intestinal epithelial cells do not or only 
sparsely r^acc with monoclonal antibodies (MAbs) to 
MUCl (Zotter et al. 1988: Girling et al. 1989; Ho ct 
al. 1993.1996: Jass and Roberton 1994). although a 
few authors have claimed that normal adult intestine 
could be stained by their MUCl MAbs (Carrato et al. 
1994: Hllkens et al. 1995). Recent studies have re- 
ported that these ceUs transcribe the mud gene into 
mRNA (Ogata cr al, 1992: Ho ct al. 1993: Nakamori 
et al. 1994). (b) Why Is the MUCl apomucln detect- 
able in colorectal carcinomas, but apparently absent 
in normal intestinal mucosae? (c) Do the glycah ;:slde 
chains interfere with the binding of apomucin-speofic 
MAbs to intestinal MUCl? In contrast to the breast/ 
milk mucin, the glycans of intestinal MUC 1 are only 
incompletely known (Podolsky 1985). 

In this study, serial sections from various gas- 
trointestinal (normal stomach, ileum, and colon; colo- 
rectal adenomas and carcinomas) and mammary tis- 
sues (normal br«ast and mammary cardnomas) wtsrc 
used to examine the presence of MUCl mRNA In the 
different cell types of nonmal gastrointestine by in situ 
hybridisation and The expression of MUCl and MUC3 
proteins, the latter as an example of a secretory nxuiiJn, 
by immunohistology with MAbs to pcptfde epitopes 
before and after glycan-lntruding measures such, .as 
mild periodic add oxidation, a-fucoddase. or neuramiiU- 
dase incubation. The results show that MUCl is in- 
deed expressed In nonmal colorectal mucosa but is in- 
accessible to anti-MUCl pcptlde-recognizing MAbs. 
Epitope masking by glycans can be overcome by pre- 
trcatment of the tissue sections with periodate. 

Materials and Methods 

Normal Adult Human Tissues and Tumor Specimens ^ 

Two stomach (including corpus and pylortc antrum), ppe Il- 
eum, and four colon specimens were obtained at autpesy 
from Individuals without colon disease. One Ileum and 15 
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colon ti5:»ue samples were taken at surgery or colonoscopy 
from apparftntly normal parts of the colon wall distant from 
the tumor. All mucosae showed normal histomorphologlcal 
and cytomorphologic^l findings. Twenty-three cas« of colo- 
rwrtal adenomas and 22 o-^iomas were obtained at .vur- 
gery or coIono5u:opy. Adenomatous polyps were classlHed as 
to histological type and grade of dysplasia according to the 
criteria of Konbhl andMor;on (1982). Classification of pri- 
mary carcinomas was done with hematoxylin -eosin-stained 
sections according to World Health Organization (Wl lO) 
recommendations Uass and So bin 1989). 

Twenty mammafy carcinomas and 10 no ^""^ 
tissues from patients with cancer wert: derived from surgical 
specimens The tumoni were classified iwrcording to the crltc- 
rU of the WHO (1982) and the Bloom-Richanison system 
(Elston and Ellis 1991). The ABO blood group type and the 
secretor status of the donors were aUo documented for all 

mammary tissues. 

Two of the normal stomach, ileum, and colon samples 
and all mammary samples were fixed In 10% buffered for- 
malin and embedded In paraffm. All other tissues were im- 
mediately .frozen and stored at -80C . 



In Situ Hybridization 

RNA Probe. The MUCl cDNA probe, pum24P (Swallow ec 
al 1987) was sequenced. A 171 -bp fragment from the tan- 
dem r«p^t of the MUCl cDNA is slmUar to that of other 
described MUCl cDNAs (Siddiqui et al. 1988: Hareuvenl et 
al 1990). Oigoxlgenin (DlC)-labeled RNA transcripts were 
■synthesized from the pBluescript plasmlds lineari7^d by 
Hind in and BamH I with T3 and 'H polymerases to gener- 
ate anti-sen^e and sense probes, respeaiyely. Unlabeled anti- 
sense was also synthesi^.ed. 

In Situ Hybrid jzaUon (ISH), ISH was perfom^ed as de- 
scribed (Schaeren-Wiemers and GerOn-Maset 1993) in two 
samples each of normal stomach. Ueum. and colon. Deparaf- 
flnlzed sections or formalin-fixed cryosections were digested 
with proteinase K (Boehringcr Mannheim. Gennany) [10 
jLg/ml In PBS, 20 mln at room temperature (RT)]. After three 
rinses in PBS. sections were treated with 0.5% and 1% trl- 
ethanolamine. pH 8.0. and 0.25% acetic anhydride for 5 
mln PrehybridizaUon was done with hybridization buffer 
15094 formamlde. 0.75 M NaCl. 0.075 M sodium cicrate, 
pH 7.0 (5 X SSC). 0.1% bovine serum albumin. 0.1% Pj- 
coll 0 1% polyvinyl pyrrolidonc. 0.25 mg/ml tRNA. 1-25 
mg/ml herring sperm DNA, 4 mM EDTA) at 45C for 3 hr 
The hybridization mixture was prepared by adding 1 p.1 
DIG-RNA probe per 50 ^tl hybridization buffer, heated for 
5 mln at 85C to denature Uie probe, and then chUled on ice. 
Fifty iL\ of this hybridization mixture was added per slide, 
which was then covered with a coversKp and sealed ^^'ith r^ib- 
ber cement. Hybridb-^Uon was done overnight at 72C. 
Posthybridization washings were successively performwl In 
SSC solutions of decreasing concentrations (5 X S5C, bU^o 
formamlde. 10 mln at 50C: 2 X SSC. 25% f^^"^^"!^^^-/^/^ 
times for 10 min at 42C and twice for 30 mln at 42C: 0.2 x 
SSC. twice for 5 mln at K\\ Thereafter, the sections were 
rinsed three times with PBS and incubated with tab frag- 
feenLs from antl-DlC antibcxly conjugated to alVallne phos- 
phatase (Boehringer: 1:500) for 1 hr at RT. After three wash- 
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iop steps, the color development wa^ performwl wUh the j^st 
SubsUBte System (DAKO: Hamburg Germaay) Gonr. 
Uok for in sUu hybridization consbted of (a) DlG-lobeled 
sensL- RNA probe, (b) compecldon wich a 20-fold exce^ ot 
unlabeled and-sens^ RNA in the presence of DlC-labeled 
anU-sease RNA. (c) pretreatment of sections with ribonu- 
clease and (d) hybridization mixture wkhout RNA prob^. 



Immunohistochemistry 

Monociona] Antibodies, The antibody A76-A/C7 OgCiJ 
was developed in this laboratory (Cao et al.'1997a,b). k rec- 
ognize, the peptide epitope APDTRP of the MUCl 
repeal (O. Nilsson et al. communicsited at the ISOBM TD-4 
Workshop. San Diego, CA. November 17-22. 1996). -T^^e 
and-MUCl anUbody HMPG-2 (IgGJ recogntring the epitope,. 
DTR (Burchell et al. 1989) was purchased from Dianova 
(Hamburg. Germany). SM3 (Igd) specific for the MUQl 
epitope PDTRP (Burchell et al. 1989) was kindly donated by 
Dr G Hecher (MDC). M3.2 (anti-MUC3. IgCz) (Apostol- 
opoulos et al. 1995) recognizes a peptide epitope of MUC3. 
MAbs to group A and B antigens were purcha^d frotn 
DAKO- MAbs A46-B/B10 HgM). jpecinc for the H Type 2 
anUgen (Kanien et al. 1988). and A76-C/A7 OgM). specific 
for ihe Thomsen-Fneden^eici^ antigen (Kamteo et al. 1995). 
have been described. 

Tissue StalnJng. Staining of tissue sections was performed 
by the avidin-blotin-peroxtdase complex (ABC) method 
vdth a commerdnl kit (Vectastain ABC EUte Kit;. Vector 
Laboratories. Burlingame. CA) as follows. ParafHn sections 
(4 >«ere deparafTmized In xylene and rehydrated 

through a graded ethanol series. Fro/en sections (4 n-m) V(ere 
alr-drled at RT and fixed with 10% formalin In PBS for \b 
mm at RT. Endogenous peroxidase activity was eliminated 
by tre^itmont with 3% UzOz in PBS for 30 mln at RT. Non- 
specific binding sites wert; blocked with normal rabbit se- 
mm. After wa-sWng with PBS. sections were Incubated with 
MAbs In appropriate dilutions for 1 hr at RT. The thor- 
oughly v/ashed sections M/ere treated with blotlnylated anti- 
mouse immunoglobulin antisenim for 30 mln at RT and 
thereafter with ihe ABC complex. Color development during 
incubaUon with the peroxidase substrate (dlaminobenzidlne) 
wa* controlled under the microscope. Counterstaining was 
done with hematoxylin. Negative comrok were Incul^ted 
with comparable dilutions of IgM or IgG paraprotelns^from 
mou^ plasmocytomas (Sigma; Deisenhofen, Oermz^^- 
stead of the MAb. - 

Partial DeglycosyiatJon. One of the following pretreat- 
ments was performed on the secdons before incubation with 
anti-MUCl or MUC3 MAhs. 

Neuraminidase. Sections were incubated with neuramW- 
dase from Vibrio cholerue (Serva: Heidelberg. Germany) at a 
concentraaon of 0.02 U/ml in PBS containing 0.01 M Ca* 
for 1 hr at RT ro remove sialic add residues. After enzyme 
treatment, secdons were rinsed for 5 mln in PBS. Positive 
control of neuraminidase action was achieved by staining of 
erythrocytes and endotheUocyte* of a tissue section by-MAb 
A78-C/A7 (anti-Thomsen-Frtederu-elch antigen) afterUieen- 
Zfcne. treatment. 
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a-FiSCOSldase. Sections were incubated for 24 hr at 37C 
with a-fucosldaie (bovine kidney. Boehrlngef. 0.4 U/ml In 
acetate buffer. 0.2 M. pH 5). Then ihey were rimed for 5 
min In PBS. Los» of staining of erythrocytes and endothello- 
cytes in ti.^sue section* from individuals with blood group O 
with the anti-H2 MAb A46-B/B10 »rved as contml of en- 
zyme action. 

Periodaie Oxidation. Sections were treated as described 
(Bara et al. 1992). Briefly, thay were incubated for 30 mm at 
RT with 20 mM periodic acid in acetate buffer. 0.05 M, pH 
5 After three rinses In PBS. the sections were treated with 
I % glycine for 30 mln. followed by three rinses' in PBS. ThU 
treatment destroyed glycotopes containing galactoac. N-ac^ 
tylgalactosamlne. or fucose In cell preparations or sec- 
tions, butdld not damage pepade epitopes (Cao et al. 19973). 

B]ood Groyips and Secnior Status. Bara et al. (1993) ru- 
ported that in normal gastric mucosa the Immunodetection 
of MUCl in secreiors was different from that In nonsecre- 
tors We thereforB collected blood group and secretor data 
on patients. In breast cancer patienw. ABO data were avail- 
able from the clinical record.^. The secretor status was deter- 
mined from saliva according to standard procedures. Be- 
cause in the gastrointestinal and normal breast tissue donors 
neither their blood group nor their seoBtor status wa.^ 
known to us. we applied anti-Hj. anU-A, and anii-B MAbs 
to -tome sections, and examined normal epithelial cells, red 
blood cellj. and erdothella for reacUvtq'. According to the 
results, secretor status and blood group of the donor.% were 
determined. 

Scorine. I-or normal mucosa, the percentage of posiUve 
crypts was counted, whereas in carcinomas the percentage of 
po^tive cells in several optical fields (12.5 X lens) was esti- 
mated. For further details, see legends to Figures 2-4 and 6. 



Results 

Expression of MUCl mRNA in Normal 
Gastrointestinal Epithelium 

By in situ hybridization. MUCl mRNA was found to 
be expressed in surface epithelial cells and In gastric 
elands of the stomach. Ln all of two Ucum and four co- 
specimens, the DIG-labeled MUCl anti-sense RNA 
probe intensely stained cplchcUal cells, columnar cells 
and goblet cells (Figure i A). The staining corresponded 
to the cytoplasm of columnar cells and to the perinu- 
clear region of goblet cells. DIG-labeled sense pro^ 
did not hybridize to any tls";ue structure (Figure IB). 
•Hie other contiDl experiments also showed no staining. 

Expression of Apomudn Along the Normal 
Gastrointestinal Traa Before and After 
Partial Oeglycosylation 

The staining patterns with MUCl mAbs before and 
after partial dcglyctjsylation arc shown in Fig««-" \ 
•and 2. Analysis of the stadned sections revealed that 
'A76-A/C7 and HMFG-2 did n t stain, as expected. 
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MUC1 andMUC3 in Colon and Breast Tissues 

any of the foUowing untreated normal tissue secUons: 
two stomach specimens from secrctor individuals two . 
Ileum samples from nonsecretor individuals, and 1? 
colon specimens (including two from ascending colon) 
from nonsccretor Individuals (Figure IC), SM3 be- 
haved identically except for weak staining of the sur 
pranuclcar region of columnar cell:, and g°b»« 
one case from colon. In contrast to this. MUCl MAbs 
strongly labeled all normal gastrointestinal epitheUa 
after perlodatB treatment, but in most cases their se- 
cretions remained unstained. Enzymatic pretreatment 
with a-fucosidase led to MUCl staining exclusively in 
sections of the two stomach specimens, which were 
both secrctors. Neuraminidase was without effect in 
aU normal gastrointestinal tissues examined. Staining 
patterns after perlodatc oxidation varied with the an- 
tibody employed. A76-A/C7 staining was pred^- 
nantly distributed at the apical membranes of surface 
mucous cell-; of the stomach and of columnar cell? and 
goblet cells of the intestine (Figure ID), whereas 
HMFG-2 and SM3 staining was localized in the su- 
pranuclear cytoplasm of surface mucous cells of the 
stomach and in the perinuclear reg>°" 
cells and goblet cells of the intestine. All MUCl MAbs 
diffusely stained gastric glands proper and pylonc 
glands. 

MUC3 posltlvity in untreated normal nssue sec- 
tions from the stomach was restricted to occasional 
cytoplasmic staining of the surface epithelium of stom- 
ach and gastric glands. In normal Ileum and cok)n.. 
M3.2 stained the supranuclear tytoplasni of gobjet 
cells and columnar cells, but not secretions (Figure JE). 
After periodate oxidation, mucous cells, gastric glands 
proper, and pyloric glands, as weU as secretions ui the 
stomach became positive. Vacuoles of goblet cells and 
secretions in the ileum and colon wer« also positive 
(Figure IF). 

Expression of Apomucin in Colorectal Adenomas and 
Carcinomas Before and After Partial Degl>cosylation 
The results of mudn staining in adenomas and carci- 
nomas with and without partial deglycosylatKm .?re 



310 820 8489 P. 06/12 

1551 



2+ 



f * f 



i 



III" 



5 8 o 5 5 8 o 



nun 



is s s i S 8 



T T 



$ 8 



1 1 



1334SC789 10 11 12 U 14 15 H 17 18 1» M 21 » " 



2> 



■ * 



s 



nil 



8 8 



T 



o o o 



8 1 1 8 1 i ! 



TT 



8 8 H 8 



1 I 3 4 S < 7 ( > 10 11 U 13 M U Ktl 1« l» JO II 21 XJ 



H: ++.-/// / 
A; - - - - / ' ' / 
B; - - - ■ - / / / ' 



////////#*----- 
I I I I I I I I I + - 

I I I I I I I I I 



f Jquf« 2 Coniparison of the reactivity of anti-MUCl (upp*f par>eO 
and snci-MUCa aowr panel) MAte In "O"^' 91';''°'"^«J'"'' ' 
^es with orsvithout pretrMtmeni 35 indicated below, and expr«. 

bhown below Oie graph). -. all crypts negative: +. <30% p«iilve 
S^2*.30-60% positive crypts: 3+. >60% pos-fve «yP«: O. un- 
neurarJJinidaM: «.fucDSidaM: ■. per.odate o«J.te- 
^^■Anot done. Number, 1-23 indicate Individual pafents: 1 and 
2. stomach: 3 and 4. ileurrr: 5-23. colon. 



Shown in Figurtis 1. 3. and 4. For colorectal adenomas 
and carcinomas. slmUar results ^ 
three anti-MUCl MAbs. A76-A/C7. HMFG-2 and 
SM3. In Figures 3 and 4. data for A76-A/C7 are 
shown. The antl-MUCl MAbs did not stain mildly or 
moderately dyspla.stic adenomas, with the cxccpbon 




.^u. 1 ^.a) Morr^. colon, in situ h,b..d,zati.x. r'^S S^-S faT- 

lumnar anr^blei celh: staining corresponds t^yfj^*^^''^"™^^^^ A76.A/C7 (anti-MUCl) doos not s«;o normal 

ow) (8) Co^oi action hybridized with DlG-labded seme P''*"; j^^-^^J^?^^^ of columnar and goWet calls (P). (E.F). No,- 

oSL S. After perlodate treatment It pr«fer.rjtial V ^^^^^ '^^^^ZST^i^. although the goblet cells' >«cuotes (ar- 
mal coton MAb M3.2 (anti-MUC3) stains norrrol colon before (E) and aRer y-j P^l°^"; ^ ujhulo«i«ouj adenoma with se- 

Tov^SS^ and^retioL, (arrow) become positive only after '^^^^^^^^ stains tumor cells after perlcdate 

vere dvsolasla MAb A76-A/C7 (antl-M0C1) does not or only weakly suint ""^""'."ff'^lT^^, , L\i.MUC3) reacu with untreated tumor 
7:.S^i:i !!i) serial sections of a colon -bular adeno^ t%^:^S7:^^^^^^<^ the Lo.. M3 2 (anti-MUO)^ Mu- 
cells (I) but more strongly after periodate oxidation 0). (K.U Serial J^""^"' »^ oeriodaie treatmcrM W- (M-W Scr.al sections of a 
coos sLming (arrowhead), although Fe«nt in unu^ted se^^^^^^ ^ strongly after 

mammary carcinoma stained with A76.A/C7 ^^'■^**^^''^.^^^^^^o\ and wi* periodate p^eireatment (P). In both cases, lu- 
pertodate oxidation (N). (O.P) Serial sections of a mamman^ f '^'co ^. g h ICt - lOO^m 
nwTells are sumed with M3.2 (anli-MUC3). Bar,: A-^.UM-P "^^ V^- G.H.K.t lOQ ^m. 
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FUlure 3 ComparKon of the reactMiy of anti-MUCI (upper p^ncO 
and anil.MUC3 (kjwer parwO MAtft in colorectal acJenomai with or 
without pretTGatmeni. al( cells negative: +. <30% positive ceils; 
2 + 30-60% positive cells; 3+. >60% positive cells: untreated; 
• neuraminidase: a-fucoildase: porlodato oxidation; T. tu- 
bular adenoma: TV. tubalovillous adenoma: V. villous adenoma: N. 
mild dysplasia; W, moderate dysplasia: S. severe dysplasia. Numbers 
1-23 Indicate individual patients. 
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Tiflure 4 Comparison of the reactivity of anti-MUCI (upper paneO 
and anti-MUC3 (lower panel) MAbs In colorectal carcinomas with 
or without pretreatmenc aU celts negative: <3Q% positive 
cells- 2^. 30-^0% positrw cells: 3 4-. >eo% positive cells: un- 
treated: neuraminidase: a-Fucosldase; ■, periodata oxida- 
tion* A adenocarcinoma: M. mucinous adonocarcinoma; W. well- 
differentJatcd adenocarcinoma: M. moderately differentiated ade- 
nocarcinoma: P, poorly differentiated adenocarcinoma, not 
done. Numbers 1-22 Indicate individual patients. 



of a few weak reactions. As expected, staining^ was 
gready enhanced In all cases after perlodate treatment. 
These MAbs. however, reacted with untreated sec- 
tions of severely d>-splastjc adenomas: this was en- 
hanced to a certain degree after pcriodate treatment 
(Figures IG and IH). Adenocarcinomas were gener- 
aUy reactive, but perlodatc treatment stQl slightly en- 
hanced the reactivity. After a-fucosldase treatment 
slightly Increased staining could be seen. In most cases, 
secretions in benign lesions did not react with MUCl 
MAbs. even after perlodate treatment. In contrast, se- 
cretions of some carcinomas showed variable {from 
sUght to moderate) reactivity with MUCl MAb^ and 
this was increased after periodate treatment. Neura- 
minidase treatment did not lead to sigrUficant^ ;in- 
creased staining of MUCl in gastrointestinal tumor 
celb and secretions. 

Staining of MUC3 apomudn in colorectal benign 
and malignant lesions and secretions was significantly 
enhanced after periodate treatment (Figures II and 
IJ). A slightly inaeased reaction of MUC3 mAb with 
several se\'erely dysplastic adenomas and carcinomas 
was observed after a-fiicosidase treatment. Neuramini- 



dase treatment did not enhance staining of MUC3 in 
gastrointestinal tumor cells and secretions. 

In adenomas with mUd or moderate dysplasia. 
MUCl and MUC3 (native and deglycosylated) were 
localized in the supranuclear cytoplasm, at the apical 
membrane, and/or In the apical cytoplasm of tumor 
cells (Figures IE. IF. ll and IJ). In carcinomas and 
adenomas with severe dysplasia, both mucins were 
observed either diffusely distributed in the whole ceU 
or at the basolateral membrane. 

Figure 5 provides a somewhat simplified oveiview 
of the staining results during the stages of colorectal 
cardhogenesis. 

Expression of Apomucin in Normal Mammary Tissues 
Before and After Partial Oeglycosylation 
Normal mammary gland sections were reacted with 
A76-A/C7 and HMFG-2 before and after partial de- 
glycosylation (data not shown). Staining was observed 
In all cases; it vras restricted to the apical membranes 
of epithelial cells. Antibody SM3 did not react with 
normal mammary gland tissues (Independent of whether 
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Figure 5 Coinpaflson of staining re- 
sults obLBined with anti-MUCl and 
anti-MUC3 aniibodi« on various col- 
orocLal tissues. Unueat. untreated: PO. 
pof todate oitldatlon: N'asa. neurammi- 
dasG incubation: F'ase. a-fucosldase in- 
cubation. Scoring: no staining: +, 
weak staining: ++. rroderaie stain- 
Ing: + suong staining. Tendency 
or ireatmeni effftct In parentbeM^:. ^. 
jtalning not increased: T. staining 
slightly Increased: TT. staining moder- 
acety increased; TTT< staining suongiy 
Inaeased. NlUCl immunohisiochefnis- 
iry results as obtained with MAb A76- 
A/C7orHMFG-2. 
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secretors or nonsecretors). and remained nonreactivc 
after neuraminidase or a-fucosldase treatment. AftM: 
periodate treatment, however. SMS rearted with nor- 
mal mammary gland tissue at the apical membranes.c?f 
eplthcUal cells, similar to the localization seen wth 
A76-A/C7 and HMFG-2. 

AU normal mammary tissues were negative for 
MUC3 with or without partial deglycosylatlon. 

Expression of Apomucin in Breast Carcinomas Before 
and After Partial Deglycosylatlon 
The staining ixisults with anti-mucin MAbs in mam- 
mary carcinoma secUons with and without partial de- 
glycosylatlon are shown in Figures 1 and 6. The staln- 
abllity of MUC I in mammary carcinoma ccHs was 
strongly increased after pcriodate oxidation (Figures 
IM and IN). Neuraminidase treatment of the sections 
ako distinctly increased the reactivity of MUCl with 
the respective MAbs. whereas o-fucosidase slightly in- 
creased staining. Three pattern of MUCl locaUzation 
could be distinguished: (a) the antigen was present at 
the apical membranes of tumor cells in glandular ade- 
nocarcinomas: (b) the antigen was diffusely distributed 
In the cytoplasm of tumor cells in non-gland-formliig 
areas of tumors: and (c) In some poorly differentiated 
carcinomas, a proportion of positive ceUs exhibited 
distinct granular cytoplasmic staining (focal cytoplas- 
mic staining). 

Unexpectedly, five of 20 mammary carcinomas ex- 
pre.<Bed MUC3. Two further cases became positTyc af- 
ter pcriodate oxidation, and In one case the saining 
Increased after this treatment (Figures lO andv.lP). 
Native and deglycosylated MUC3 was diffusely dis- 
tributed in the cytoplasm of tumor cells. Neuramini- 
dase and a-fucosldasc treatments had no Influence on 
the reactivity (except in one case). 

Expression of MUCl and MUC3 apomuclns before 
and after partial deglycosylation was not related to ti^e 
secreior status of the patients. 



Discussion 

A common feature of glandular epithelial tissues is the 
epical (luminal) expression and secretion of mucins. 
MUCl is generally assumed to be tiie major mucin ex- 
pressed in normal breast, pancreas, stomach, and 
other glandular epitiiella. but not or only sparsely In 
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tide MUCl -specific MAbs. During tumorigenesis. the 
apparent expression of native MUCl showed a grad- 
ual Increase from mildly through moderately to severely 
dvsDlastir adenomas. Periodate treatment greatly et\- 
Sd L reactivity of .nd-MUCl MAbs ..1th lesions 
of a lower grade of dysplasia, but less so with lesions 
of a higher grade of dysplasia. This reflects the fact 
that lesions of a higher grade of dysplasia express. 
MUCl v«th a lower degree of glycosylation. In malig- 
nant lesions, native MUCl was strongly expressed, and 
periodate treatment only sUghdy enhanced the stain- 
ing This indicates that, similar to MUCl in highly 
dysplastlc adenomas. MUCl in carcinomas is less gly- 
cosylated, resulting in exposed peptide epitopes that 
can be recognized by their corresponding antibodies. 
It is obvious that the grade of dysplasia of adenomas Is 
closely related to their si2c. Adenomas of larger size, 
of a higher grade of dysplasia, or of the villous type 
have a higher malignant potential (Konishl and Mor- 
son 1982). The low glycosylation of MUCl and re- 
duced degree of glycosylation may be associated with 
the maUgnant potential and status of lesions in the .co- 
lon. Several defects in glycosyltransferase activider in 
colorectal cancer have been described (King et al. 1994: 
Vavasseur et al. 1994: Yang et al. 1994). Which; tnay 
explain the observed changes in MUCl glycosylation. 
In some cardnomas. especially mucinous carcinomas 
and poorly differentiated carcinomas, even periodate 
oxidation did not result in positive immunohlstochem- 
ical .-staining with MUCl-spcdfic MAbs. These rarcl- 
nomas apparently have lost the ability to express MUC L 
Periodate oxidation therefore provides a simple method 
to distinguish between lack of expression and masWng 
of epitopes by glycans. The secretions of some tumors 
are positive for MUCl. which is unusual because rior- 
mal gastrointestinal secretions do not contain thi.s_rnu- 
cin MUCl in tumor secretions may originate:ft;om 
shedding or destrucdon of tumor cells. MUC3 reyealW 
a simUar change in staining behavior {increased s^- 
ing without pretreatmcnt) during malignant transfor- 
maUon. In most adenocarcinomas. MUC3 expression 
was decreased compared with normal colon ana be- 
nign lesions owing to downregulated synthesis (Weiss 
ct al 1996). Whereas normal epithelial cdls and be- 
nign lesions show the typical apical distribution of 
MUCl and MUC3 in addition to some supranuclear 
staining, malignant lesions and -benign" lesions with 
very high malignancy risk reveal apolar distribution of 
both mucins. This indicates abnormal intracellular 
transport In addition to incomplete glycosylaiioti In 
malignant lesions. Finally, the exprcssioh of nivgns 
within a given tumor is often hctenigeneous. .from 
zero to very high amounts per cell. 

Normal breast and mammary carcinomas have 
been examined for the expression of MUCl and 
MUC3 in a number of reports (Zotter et al. 1988: 
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Xing ct al. 1994). In this study, changes in immu- 
nostalning in normal brea.'it and mammary carcino- 
mas after partial dcglycosylatlon have been investi- 
oated Normal mammary epithelial cells were found 
positive for A76-AyC7 and HMFG-2 but negative for 
SMS, in accord vrith previous reports (Burchcll ct al. 
1987). This difference has been explained ^Y^ '^^,^ 
extended SM3 epitope compared to the HMFO-^ 
epitope, which makes it. more dependent on the influ- 
ence of glycosylation (Burchcll et al. 1989). We dem- 
onstrate here that, after periodate treatment identical 
staining results were obtained with A75-A/C/. 
HMFG-2 and SM3. Neuraminidase or a-fiicosidase 
treatment did not expose the SM3 epitope, indicating 
that sialic acid and fucosc do not play major roles m 
epitope masking in breast epithelium. 

For carcinomas of the breast, some general aspects 
of MUCl immunoreactivity were found similar to 
that of colorectal carcinomas, e.g.. decreased epitope 
masking compared to normal cpitheUal cells, dis- 
turbed polar distribution in cancer cells, and heteroge- 
neous reactivity within a given tumor. In addition, 
'^mc features of apomucin expression specific for 
mammary carcinomas were observed. The reactivity 
of MUCl MAbs vrith mammary carcinomas could be 
enhanced by prior neuraminidase treatment to a 
greater extent than In the case of colorectal carcino- 
mas. This is In accord with a report by Ho et al. 
(1995) In another study by us. all mammary carcino- 
mas examined were found to become positive for the 
MUCl-assodated. normally masked Thomscn-Frieden- 
relch glycotope after neuraminidase treatment (unpul^ 
lished data), whereas in colorectal cardnomas only -S' 
of 52 cases (71%) responded in this manner (Cao ct 
al 1995) Wc interpnjt this as indicating that in the 
. gastrointestinal tract slaUc adds contribute less to 
Ipltopc masking than in the breast. In general mam- 
mary carcinoma cells showed stronger staining of 
MUCl tl\an normal cells before or after partial degly- 
cosylataon. This may be the result of an upr^lated 
m^ synthesis (Hilkens ct a!. 1995) and/or of mucin 
accumulation owing to abnormal transport within the 
tumor cells. A minority (7/20) of mammary carcino- 
mas express ectopic MUC3. Its absence in normal epl- 
theUum was demonstrated In a previous report IHo ct 
al 1993) and is confirmed in this study. Therefore, it 
appears that MUC3 is a neoantlgen In breast cancer. 
Wralso noted that partial deglycosylatlon slightly en- 
hanced Its staining interuricy. 

■■y The observed changes of mudn expression and its 
■ Wcosylation in colorectal and mammary carc^omas 
may be of biological and dinical significance. For ex- 
ample, the exposed glycan core structures on the sur- 
face of cancer ceUs may lead to or enhance binding to 
the basal membrane and extracellular matrix (Schvranz 
ct al 1992). to hepatocytes (Cao ct al. 1995). and to 
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endotheUal cells (Regimbald et al. 1996). Enhanced 
mucin cxprtssion with apolar distribution strongly rc- 
duclTe contacts betwe^i epithelial cells (HUkens et 
al 1992) and may proicct tumor ceils from the inv 
Lnc system (Gin,ml et al. 1996). Such changes^may 
panjdpate In tumor progression. On the other hand. 
The less glycosylated, "tumor-specific mudns m tis- 
sues blood, and secretions may serve as neoplastic 
marker for clinical diagnosis and as targets for immu- 
notherapy. 

In conclusion, we have presented evidence th« nor- 
mal gastrointestinal epithclta express both MU^l 
mRNA and the protein itself. The immunohistochemi- 
cal detection of the MUCl protein is hampered by a 
qualitatively different type of glycosylation compared 
to other secretory epithclia (e.g.. breast). This can be 
overcome by carbohydrate-specific pretreatment with 
perlodate. which not only leads to the detecUon of 
masked MUCl but also allows evaluation of the 
changes In MUCl glycosylation that occur In ncopias- 
tic lesions. During malignant transformation, epithe- 
lial mudns experience dramatic (yet tissue-sp?clfic) 
alterations in their glycosylation and cellular local- 
ization. and In some cases show ectopic expression. 
These changes may be significant in tumor profes- 
sion and possibly also In the cUnical setting. Periodatc 
oxidation as a complementary measure in immunohls- 
tochemistry may help us to examine and understand 
these changes. 
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V^e have examined the subcellular localization of the: net; 
procein by immunohistochemistry and Imn^uno-eJectrbn mi- 
crotcopi> associated with immunoblotting of normal and neo- 
pfaftic tisiu©< with 1 monoclonal antibodies (MAb*). Immuno- 
electron microscopy clearly reveals that neo protein reside* 
on the lateral plasma membrane of the simple epithe- 
hum of the breast and on the plasma membrane of malignant 
breast celK. It \% also found on the membranes of the mi' 
crovtlll and the apical vacuoles of the cells of the proximal 
convoluted tubule of the kidney. In the cytoplasm, the only 
ifTimunoreftCtivity detected with both antibodies was on the 
membrane of the mitochondrial crtstae of normal and malig- . 
nant celU. Immunoblotting reveals that the molecular weight 
of the membrane protein Is 185 and 155 kDa for the mito- 
chondrial protein. The cell membrane staining pattern can be 
revealed by tight micro«copic immunohlstochemlstry only in 
malignant cells and Is therefore sped fic for malignancy. The 
membrane expression In normal cetk cannot be vlsuattred In 
chis way. The mitochondrial reactivity appears as a cytopjas- 
mic granular staining when examinftd under. the fIght;^icro- 
fcope- Similar cytoplasmic staJnIng has been described previ- 
ously In othor studies with other antibodies against the neu 
protein and has lead to peculation about its function in nor- 
mal and malignant cells. However^ it ts demonstrated in this 
itudy that It Is not the known neL^oncogene product. 

The function of the neu protein is unknown. Undcriitanding 
lis function may be facilitated by its precise localization in 
normal and malign-jint cells and by its $ubceilu!ar distribution 
on the apical, iatera] or basal part of (he cell membrane. Pre- 
vious studies have demonstrated that the neu protein is a 185 
icDa membrane protein with tyrosine kinase activity (Schechtcr. 
ct oL, 1984; Cousscns et al., 1985; Bargmann ct aL. 1986; 
Yamamoto et aL, 1986). Its. gene has been cloned and mkpjpfed 
on chromusome 17 (Coussens er aL, I9S5; Schechtcr et aL- 
1985: Fukushige et aL. 1986). The stniaure of the neu protein 
and iLi similarity with EGF-receptor sugge.<;t that it mayrbe a 
receptor for an as yet unidemifted growth factor. It is a' tfansi 
membrane protein, with a cell-external ligand binding domain 
And a cell- internal domain with tyrosine-kinase activity, in- 
volved in signal transduction (Coussens et aL, 1985). Ampli- 
ficadon of the gene has been reported in 1(M0% of breast 
carcinomas (Van de Vijvcr^f a/.. 1988fl.c). It is expected to be 
a plastTU membrane protein, but several authors have shown a 
cytoplasmic reactivity by light microscopy. This cytoplasmic 
distribution whs demonstrated in kidney cells, oral mucosa, 
urothclium (Gulliek etaL. 1987). normal breast tissue (Venter 
era/.. 1987; Dc Potter era/.. 1989), and breast carcinoma cells 
(Bergcrtff j/., 1988). Cytoplasmic localizationof a membrane- 
bound receptor could be explained by internalization of the 
receptor (Smith er o/.. 1988). but it is difficult to understitnd : 
why .substantial immunoreactivity can be delected in cells* with . 
a barely detectable neu mRNA level (Kokai et aL, 1987^^- ' * 

The aim of thU study wa« to localize this oncogene pfoclijct 
in normal, neoplastic and hyperplastic ti.ssues and to look for 
its subcellular distribution. TTicrefore, an immunohi.'tiochenu- 
cal investigation, and an immiuno-clcctron microscopical 
study, associated with Western blot experiments, were carried 
out. 



MATERJAL AMD METHODS 

Biopsy specimtin^ 

Biopsy ?;pecimcns for light micro.'icopic examination were 
fixed in 10% fonnalin for 12 hr and embedded in paraffin at 
58X using routine procedures. Five micron sections were 
."itaincd with haematoxylin and cosin. The selected type.*; of 
breast lesions are listed in Tabic I. Three hundred and thiny 
breast specimens from 182 patiencs were investigated. The 
pcroxidase-anti-pcroxidasc technique wa.« applied (De Potter <rf 
aL, 1939). All sections were dehydrated and mounted in 
Merckogla.s (Merck, Darmstadt. FRG). Control sections were 
prepared by omitting the primary antibody. The specificity of 
the 3B5 antibody was tested by incubation with the primary 
antibody in the presence of added antigen. 

For EM examination, tissues were fixed in 2^o formaldehyde 
(from paraformaldehyde) with a 0. 1 M phosphate buffer, pn 
7.2. After a rin.^ve in the same buffer, small blocks of tissue 
were embedded in glycolmethacrylate. Ultra-thin .wtions were 
collected on naked Ni-grids. TTiey were floated for 30 min on 
TBS + 1% BSA. pH 7.6. and then kept overnight at 4"C. the 
primary antibody being diluted 1/100 for BBS and 1/3 for 9G6. 
The grids, which were held by forceps, were jer rinsed with 
TBS-BS A and floated for i hr on a droplet of goat anti-mouse 
coupled to 15 nm colloidal gold (Jan.s.sen. Bccrse, Belgium) 
diluted 1/20. Finally, the grids were jet-rinsed with TBS-BSA 
and water. The ultra-thin sections were carbon reinforced and 
stained for 3 min with s:ituraced uranyl acetate in 50% alcohol 
and for 2 min with lead citrate. 

On 6 micrographs taken from sections labelled with 9G6. the 
area of the ground cytoplasm and mitochondria, outside the 
apical zone, was measured with a Mini-mop (Kontron, Ba5el. 
Switzerland). The number of gold particles in each area was 
counted and the relative labelling density was calculated. The 
ratio of the relative labelling density of mitochondria over that 
of the cytoplasm — considered as background — was taken as a 
measure for the specific labelling of mitochondria. 

Monoclonal anrihodies 

3B5: this MAb was raised against a synthetic peptide com- 
prising amino acid residues 1242-1255 of the predicted se- 
quence of the neu oncogene product (Van de Vijver et aL, 
1988^). 9G6: this MAb was mi-scd against a nnurine cell line, 
Iransfectcd with a vector, containing the human neu cDNA. It 
specifically recognizes the neu protein (Van de Vijver et aL, 
19881)). 

Both MAbs were tested on the SfCBR-3 cell line, known to 
oyer-cxpress the neu protein (Van de Vijver et aL, 19886). 
using an inimunogold silver enhancement method (Janssen). 
Intact cells were incubated with 3B5 and 9G6 antibodies, 

^To whom fcprini rcquciti should be sent. «t: N. Ctxsmiaghtigh Jnsiitute 
of Pathology. Univenicy Hospital. Dc Pintelaan 185. B-90(X) Ghent. Bcl- 
giurn. 
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XABLt I - RfSUI.TS KOR THE i<ri/-QNCOC£N£ PRODUCT IN VAftJOUS ADULT BHt-^Vr TlSSm 



Caninon\a psncnu 



Rcigti% 



Lt9icn inumtxr) 



DCIS (6) 

Invu^ivc duct-celt carcinoma (99) 
Normal in the vicinity (78) 
Normal at a distance (29) 
Hyperplasia without atypia (12) 
Hyperplasia with atypta (7) 
Apocrine metaplasia (19) 
Lactating groups (2) 



4 

23 
0 
0 
0 
0 
0 
0 



2 
76 
78 
29 
12 

.7 



Normal (44) 

Hyperplasia without atypia (15) 
Hyperplasia with arypia (7) 
Apocrine metaplasia (9) 
Lactating groups (3) 



0 
0 
0 
0 



44 

15 
7 
9 
3 



Suining p^ucm .1 iho cytoplasmic membrinc only u cntvOdertuJ as'.bciri^ po^iC.vc: no «airvbg pat^m .i ihc cytoplasmic rr.embrmc, 



washed with TBS-BSA. incubated with gold-labelled goal anti- 
mouse antibody and stiver-enhanced. Only intact 9G6 stained 
cells showed s'uining of the cell membrane. A weak staining 
was obtained with 3B5 after penrteabilization of the SKBR-3 
cells with Triton X 100 (Fig. 1). 

Western blot 

The frozen tissue of healthy human kidneys and of positive 
and negative invasive ducul carcinomas of the breast was pul- 
verized to a fine powder using a microdismembrator (Braun. 
MeUungcn, FRO. The powder was re-dissolvcd and sub se- 
quenUy ccntiifuged in a BecJcman ultracentrifuge at 1\500, 
33 000 and lOO.UOO g respectively. The pellets were placed m 
a lysis buffer containing 1% Triton X 100 and 1 mM PMSF as 
protease inhibitor. Electrophoresis run on 5% poly aery I amide/ 
SDS gels was carried out at 60 V for 16 hr. After separation » 
the proteins were bloncd onto a nitrocellulose filter (Schleicher 
and Schull, DasscK FRC. BA85: 0.45 or onto a poly- 
vinylidenc dilluoride microporous membrane (Millipore; 
0 45 ^im) for 24 hr at 50 V/0.5 A in 20% methanol containirig 
25 mM Trii and 192 mM glycine. The filters were incubated in 
a NTT buffer ( 150 mM NaCI-lO nM Tris.HCL, pH 8-0-0.0:)% 
Twccn 20) at 4''C for 72 hr. The ntu protdn was then visual- 
ized bv incubating the blot with MAbs 3B5 1/3.000 or 9G6 
l/lOO'm a NTT buffer and with a goat anti-mouse alkaline 
phosphatase conjugate (Sigma. St. Louis. MO A-5153) 1/ 
2.()(K') in a NTT buffer, respectively. After each incubation the 
biot was washed twice in 200 ml of NTT buffer for 15 minr-An 
additional wash was carried out in a 1(X) mM Tris.HGL .butfer, 



■1 r 




i 







i 



Fir.tJkf. 1 - {a} SKBR-3 cells stained for the n^u oncogcru; product 
wiih 9G6. All tumour cells nhow cxpn:.vsion at the plasma membrane. 
ih) SKBR-3 cells sUvncd for the rtcu-oncogcnc product with 3B5. 
There is no ?:t.^ininf. of the cell membranes. Bar = lOu.m. 



pH 9.5-5mM MgCU,. Colour development was induced by lh- 
cubating with BCIP (5-bromo-4-chIoro-3-indolyl phosphate; 
Ptomega, Madison. Wl) and NBT (nitro blue tccrazolium: 
Promega) substrates in a 5-ml alkaline phosphatase buffer unrii 
sufficient specific colour was obtained. The reaction wa.i 
stopped bv washing with a stop buffer (5 mM EDTA-20 n\M 
Tris.HCU pH 8,0). The blot was subsequently rinsed in dis- 
tilled water and dried. Nine samples of positive breast carci- 
noma. 2 samples of negative breast carcinoma. 3 samples 01 
kidney and 2 samples of SKBR-3 cells were investigated. Con- 
trol blots were carried out by pre-incubating the 3B5 antibody 
.with the free peptide against which it was made. 

RESULTS 

Jmmunohiswchfmistry 

The re^Mlis for the various breast lesions, stained with 3B5. 
are summarized in Table I. In 27 carcinomas, strong staining of 
the plasma membrane of tumour cells was observed (Fig. 2). 
Twelve cases showed the new-oncogene product in all rjmour 
cells, the other cases were focally positive. There was no cor- 
relation with differentiation ot the tumour. Seventy-eight car- 
cinomas (74%), including 2 DCIS. were negative for /J^^/ 
membrane staining. Non-malignani breast lesions, normal 
breast and kidney did not show staining at the plasma mem- 
brane. The same results were obtained with 906 but stiinins 
inten.sity was weaker and fewer tumour cclb were positive. 
• Several normal cells and breast carcinoma cells showed 
granular cytoplasmic staining with the antibodies agaia^t rfv 
(Fig. 3). Experiments in which the primary antibody (3B5 ana 
9G6) was omitted were consistently negative. Staining of ui- 
plasma membrane of die carcinomas and cytoplasmic saimng 
could be completely inhibited by pre-incubating the 3B5 ann- 
body with the synthetic peptide. Prc-incubation of 9G6 wim 
the pepude did not result in inhibiuon of siaimng. Comparison 
between frozen sections and paraffin -embedded material 
not reveal differences in the detection of the neu oncogen, 
product. 

Electron rtxicmcopy 

I. Ncu localization 

Carcinomas. Carcinoma cells exhibiting a positive and neg- 
ative plasma membrane pattern for neu (see above) wxre 
• amined at the ultrastructural level. In cases m 
^ delineated cell border .staining was seen, heavy colloidal goia 
labelling was observed over the plasma membrane witn 00 
antibodies (Fig. 4). There was no staining at the apical m.m 
brane of the cells . These cells also had prominent plasma mem 
brane extensions. The reactivity observed by light microscopy 
is clearly the product of labelling inteasity and plasma mcm 
brane length. In some of the cases presumed to be ncgati e 
light microscopical observation, faint labcllmg could stii* o^ 
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FiGURP. 2 - Invasive duct-ceil carcinoma stained for ihe ncu- 
oncogcne prcwluct with 3B5. All tumour ccili show distinct expression 
.11 the plasma membrane. Bar = lOjun. 





FiGt'RC 3 - Renal lubulei, trained for the /x-u-oncogcne product 
with 3B5 andcovjncerstaincd with hacmaioxylin. Cytoplaimic granuliir 
stainiri^ is observed in the tubular cells. Bar = 10p.m. 



obsei^od at the ulcrastrucruraj level with both antibodies, but a 
positive signal was lacking in others. 

Kidneys. Ultras true tural locaJization of /if u in normal tissue 
was thoroughly studied in the proximal tubules of the kidney. 
Here a colloidal gold labelling for 3B5 and 9G6 was found over 
the villi of the brush border and ai the membrane, lining the 
apical vacuoles (Fig. 5). A^eu protein wa:; excluded from, the 
lysobomes. 

Normal breast. A colloidal gold labelling for 3B5, .Whi£h 
gave a stronger reaction than 9G6, was seen at the lateral 
cytopla.<:naic membrane of the simple epithelia of the ductuli 
and acini (Fig. 6). 

2. Milochnndrial binding of 3B5 and 9C6 

Carcinomas, The faint cytoplaiTnic staining observed by 
light microscopy with 3B5 in many cells appeared to be due to 
the binding of antibody to the inner mitochondtial membrane. 
With 9G6 no measurable binding to mitochondria could be 
observed in breast carcinoma cells. 

Kidneys. In the proximal tubule cells and the cells of the 
ascending loop of Henle, the mitochondrial cristae were la- 
belled with 3B5 and 9G6 (Fig. 7), In the loop of Hcnle naother 
reacdviiy wa.<; observed. With 9G6. labelling was considerably 
lower, but it wa.<; still on average 4.96 (± 1.29 standard error of 
the mean) times above the labelling of the surrounding cyto^ 
plasm in area.s devoid of apical vacuoles. * • 

Normal breast. The mitochondrial cristae were also labelled 
with 3B5 and 9G6. The number of mitochondria was consid- 
erably 1 wer in these tissues than in the renal tubules. 



Western blot 

In pellets from positive carcinomas and from kidneys ob- 
tained at 33.CX)0 and at 1,500 g, a faint staining band was 
visualized at 185 kDa with both antibodies (Fig. 8). In a 5% 
SDS-PAGE gels a distinct hand was seen at the front. When 
gradient gels were used, this band gave rise to smaller bands 
corresponding to molecular weights below 30 kDa. These pro- 
teins may be considered as being degradation products due to 
proteolysis. In the new-negative carcinomas, no reaction could 
be detected at 185 kDa, but a faint band at 155 kDa from 
33,000 s pellets was observed (Fig. 9). This band was also 
obtained with both antibodies in some positive carcinomas and 
in some kidney samples that exhibited positive mitochondria. It 
wax therefore considered as originating from mitochondria. It 
was not detected in tumour samples that did not show cyto- 
plasmic suining with immunohi.stochemistry and containing 
initochondria only in small amounts. The supcmatanl of all 
tissues at 100,000 g, corresponding to the cytoplasmic frac- 
tion, did not show a band at 185 kDa. fte-incubation of the 
primary antibody with its antigenic peptide made the bands 
disappear at 185 and 155 kDa and in the front. 

DISCUSSION 

The precise localization of the neu protein may not only 
contribute to the understanding of iLs function, but may also 
provide information on the cellular orientation of the ligand 
binding sites. Our ultra.stnjctural study shows an accumuladon 
of neu protein at the plasma membrane of carcinoma cells that 
have membrane labelling by light microscopy. Electron micro- 
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FiCL^RE 4 - Electron microscopy of carcinoma cells with 3B5 and 
counicrstaincd wi'J; 1% phosphocungstic acid in 1% HCL» reycuJing 
both langentially and crot^cui segmcnLs of the plasma membrane. 
The pl«ma membrane loops arc corutantly labelled with colJoidal 
gold panicles between r.cighbouring cells. Bar - 0.25|j.m. 




■ ^ 





I Figure 5 - Electron micra^copy of the brush border and apical 
vucuolcs in the proximal tubular celU of the kidney after labelling with 
3B5. Colloidal gold particles decorate the villi (upper right) and gold 
panicles can also be observed over the membranes bordering the api- 
cal pit5 and vacuoles (anowhead). Bar = 0.25p.m. 



scopical examination also reveals labelling of the lateral mem- 
J)rane of the normal cuboidal epithelium of the ducti and acini 
of the breast. The Western blot experiments indicate that this 
protein is the known /leu- oncogene product, with a molecular 
weight of 1S5 VD'd. This; distribution fit.*; with a putative re- 
ceptor function, where the ligand is provided by the neighbour- 
ing epithelittl cclh, a^i could be expected in a paracrine regu- 
latorv system. The localization on the cell membrane can be 
visualized only in malignant cells using immunohislochcmistry 
and light micro.scopy and at that level it is specific for carci- 
nomas of the breast. ^Thi.<; staining occurs in about 26% of 
invasive breast carcinomas in a xeries of 182 patients ipdTs 
not seen in normal and hyperplastic li.ssues (Custerson .e/;tf/., 
1988^.6; Dc Potter rfj/.. 1989). 

As for normal breast tissue, immunohistochcmical investi- 
gation of the kidney did not show any membrane reactivity, 
although the kidney contains large amounts of neu nriRNA 
(Kokii ctal., I9fi7). However, EM demonstrates labelling of 
the membranes of the microvilli and the apical vacuole,^ of the 
proximal convoluted tubules, which confirms previous results 
(Mori tt al., 1987). This expression was confirmed by immu- 
noblotting. in which we also dctccicd a 185 kDa protein. The 
distribution of the ntru protein on the microvilli and apical 
vesicles of the renal tubular cells also fits with a receptor 
funaion hut with a polarity distinct from that of the. breast 
epithelium. In this instance the Ugand should be searched for in . 
the primary unnc. The above observations localize {ht^'neu-^ ' 
oncogene product at the pla.sma membrane of simple cpithplii. 
Y'Jt several authors have also localised ncu protein in thccy-: 
loplosm, usinj^ immunohistochemical studies (Cullick. cr al.. 
1987: Venter era/.. 1987; Bcrgcr cr j/., 1988; De Potter era/.. 
108Q) The cytoplasmic rcactivi;y of antibodies in foetal rat 

cells has even led to the conclusion thai the ncu protein plays 




Figure 6 - In normaJ brcsisi cells only a few gold panicle-: "'ere 
detected over adjoining plasma membranes after ciccn-on microscop- 
ical labelling with 3B5. Bar = 0.25^m. 

an important role in the growth and development of a variety of 
tissues (Kokai era/.. 1987). 

We also ob<;erved a positive reaction in the cytoplasm of 
nomial renal cells and of some bnrast carcinoma cells by hg"^ 
microscopy. In EM, this staining pattern appeared to be due 
solely to 'binding of antibodies to the membranes of the mito- 
chondrial cri^itac. With immunobloning, 2 bands of re.sp^c- 
Uvely 185 and 155 kDa were visualized in the kidney .samplcs- 
Thc second band was considered to be of mitochondrial ongii^* 
as it was the nly band detected in negative carcinomas, irn* 
muno-clcctron microscopy showing mitochondrial labelling. 
This mitochondrial protein is probably a cro?s-rcacting protein, 

detected with both 3B5 and 90^^ * • -^^ay al.so have 
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ficuwE 7 - Electron microcopy of mitochondria fn)m p^6xirn;ii 
bulircclU. trcaicU wiih 3B5. The mitochondria are heavily labelled 
IHirii colloitliJ gold. In places farrou/) It cun be recognized tfiut the 
^activity 15 0" mitochondrial crisiac. Bar = 0,25jim. '^Y, 
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- 180 
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FicuR£ 8 - Western blot of renal cortex and of a positive , carci- 
noma wiih 3B5 on poly vinylLdcnc difluofide filter. Lane A: Faint band 
at 185 nnd at 155 icDa disappearing al a dccrca-sing concemr3tion::Or 
the homogcnate of the kidney in lanes B and C. Lane D: The -super- 
natant of the kidney (A: 100 ^lg was loaded in 30 p.1: B: 50 y^i^n lO 
jjlI: C: 25 ng in 30 D: 50 ^ig in 30 Lanc.t E/F; and G:-Band 
at 185 kDa for increasing concentruiion of Che homogenate of a pos- 
itive carcinoma (E: 25 p-g was loaded in 30 h-U ^- 50 \i% in 30 G: 
100 pig in 30 [iA). Lanes D-G: Additional band at 85 kDa. 

been the case with several other antibodies against the neu 
protein (Gullick et aL, 1987; Kokai et at,, 1987; Venter ct al., 
1987; Bcrger et al.. 1988). Therefore, the observation that the 
neu protein is localized in the cytoplasm of normal cells and the 
conclw;ions drawn therefrom should be interpreted with cau- 
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FiCUJlE 9 - Wcstirn blot of SKBR-3 cells and of 2 brrusL carci- 
noma specimens ur^ 3B5. Lane A: SKBRO cells with a band at 185 
kDa f50 jJLg was lo^^cd in 20 ^l). Lane B: Carcinoma wiih only 
cytoplusmic reactivity observed by irnmunohisiochemistry and mito- 
dmndrial Uib«!llin!; observed by immu no-electron microscopy. (Dnly a 
band at 155 kDa Is ob^rved (100 jig was loaded in 30 ^I). Lane C: 
Carcinoma with nr.fimbranc staining. Sands at IJ%5 and at 155 kDa arc 
observed (100 \ig was loaded in 30 \Jd), 



tion. A similar cross -reacting protein is detected by several 
monoclonal and polyclonal antibodies 3gain.u C£a (Von 
Kleisi et aL, 1972). The poly-specificity of MAbs is well 
known in immunohistochcmistry (Andres er aL. 1988). Yet it 
is tempting to hypothesize that the mitochondrial protein might 
also be coded by the neu oncogene, but that it ha^i a different 
molecular weight and a different destination in the cell. This 
polymorphisjn may be explained by posc-translational process- 
ing of nascent proteins or at the mRNA level by altemaiivc 
splicing (Brritban et al,/\9il) or the uction of different cap 
sites. Ultrastructural detection of the hiitochondrial protein by 
both antibodies favours this hypothesis. Honnology in the ex- 
ternal (906) and In the internal (3B5) domains, as can be 
derived from the experiment on the SlCBR-3 cell line, means 
that considerable similarity exists between the mitochondrial 
and the neu proteins. 

From our results, wc concluded that in normal .simple epi- 
thclia, neu protein resides on the lateral plasma membrane or 
on the membranes of microvilli and apical vacuoles. This pro- 
vides an example of 2 distinct cellular localizations of the same 
receptor function in both instances. Immunoreaciivicy with a 
prptein other than the neu protein was consistendy present on 
the inner mitochondrial n^embrancs, resulting in cytoplasmic 
staining observed by immunohistochcmi.stry. This finding 
should be taken into account when interpreting neu oncogene 
over-expression in tumours for diagnostic or prognostic pur- 
poses. 
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Abstract 

We determined HER2 protein overexpressioh by 
itmunokistochemical analysis and HER2 gene 
ompUficQtion by fluorescence in sint hybridization (FISH) 
in 215 formalin-fixed, paraffin-embedded breast 
fitmors. Pathologist concordance for immunohisto- 
chemical scoring, andHERl status concordance, as 
determined by immunohistochemistry and FISH, were 
hi^hfor immunohistocliemical i+, U^aixdO tumors but 
poor for 2-^ tumors. Consensus immuHohisiochemical 
scores correlated with absolute and chromosome 17 
(€EPJ7hcorrect€d HER2 gene copy number. Among 
HER2'nonamplified rumors, the immunohistochemical f 
u:ore and mean absolute chromosome 1 7 ( CEP 17) copy 
number were weakly correlated. Seventeen tmriors were 
HER2-amplified using absolute HER2 gene criteria but 
nonamplified when corrected for chromosome I'7- 
polysomy (8 of these were immnuohistochemical 
Assessment of benign epithelium within the immune- 
hlmchemical slides revealed either no staining or 
hasolateral membrane staining, suggesting normal HER2 
protein expression. Twenty tumors showing similar 
basolateral HER2 immunostaining were all low-moderate 
grade, tubule-forming, and HER2'nonamplifed (17) or 
borderline amplified (31 Additional studies relating ' 
changes in HER2 gene content due to.amplificdtim or 
chromosome 1 7 polysomy and HER2 protein expression 
may be helpful to pathologists who interpret HER2 
immnuohistochemical slides. Breast rumors scored at 2+ 
should be analyzed by FISH preferably using a dual- 
probe FISH assay capable of distinguishing HER2 gene 
amplification from chromosome 17 polysomy, 

^ American Society for Clinical Pathology 



The human HER2 gene {HER-Hneu, c-erbB-l) encodes 
1 member of a family of 4 cransntcmbrane tyrosine kinases 
(HERl-4)» the prototype of which is the epidenmal growth 
factor receptor (HERl, crbB-1) (reviewed in Yarden and 
Sliwkowski*). Various siromal-derived ligands, including 
epidermal growth factor, epidermal growth factor-like 
ligands, and neuregulins bind HERL HER3, and HER4. 
inducing homodimcrization and heterodimcrization. phos- 
phorylation of cytoplasmic tyrosine kinase moieues, and acti- 
vation of complex signaling pathways essential for cell 
survival, differentiation, and proliferation.^"* HER2. however, 
is an orphan receptor with no known high-affmity ligand. 
HER2 becomes activated by heterodimeri/^tion after direct 
ligand binding by HERU HER3. or HER4. Thus, the role of 
HER2 in the network of membrane receptor kinases seems to 
be as an amplifying coreceptor for HfeRl, HER3, and 
HER4.^-3 specific erbB-2 interacting protein (ERBIN) 
restricts the spariaJ distribution of the HER2 molecule to the 
basolateral membrane of epithelial cells.^ ERBIN binds 
HER2. but not HERl. HER3. or HER4, and may be involved 
in connecting HER2 to cytosolic and cytoskeletal-associated 
componenLs.5 

The HER2 gene is central to the oncogenesis and clinical 
behavior of 25% to 30% of human breast cajicers/ '' HER2 
dverexprcssion and/or gene amplification is prognostic for 
node-positive*-'' and node-negative breast cancers,** predictive 
for some chcmotherapeutic and hormonal agents, and is an 
indication for trastuzumab (Herceplin, Cenentech, South San 
Francisco, CA) therapy in patients with mctaiiatic breast 
carcinoma.'-*'* The risk of cardiac toxic effects** and the 
specter of patienU with false-positive results accruing into 
breast cancer clinical trials*^ have recenUy focused attention 
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on ihe sensitivity and specificicy of clinical HER2 assays. As 
ihc level of HER2 protein overexpression and gene amplifi- 
cation have prognostic and predictive relevance, HER2 
assays must be semiquantitative and reproducible and 
discriminate normal from cancer-associaied HER2 protein 
expression or gene content. ^^''-"^ 

For clinical HER2 deiemvination, tissue-based methods, . 
such as immunohistochemical analysis and fluorescence in.,, 
situ hybridization (FISH), have replaced whole-tissue extrac- 
tion methods, such as Southern blot analysis, enzyme-Iinkfed;,^; 
immunosorbent assay, and polymerase chain reaction, which, 
may require fresh dssue or suffer dUution owing to admixing 
of tumor and normal cells.^^ Frozen section immunohisto- 
chemical analysi.v a ^*gold-stajidard" method for HER2 over- 
expression, is impractical in the current era of early cancer 
detection, in which tumor .Mzc often precludes ancillary 
testing of fresh tissue. 

Immunohistochemical analysis is an auractivc method 
for clinical HER2 determination owing to its rcU-ospecuvc 
potential and specific targeting of tumor cells. The pletho^a^^ 
of available antibodies, methods, and grading schemes,*v^^'^^ 
however, have made standardization impossible. HerccpTcst v 
(DAKO. Carpinteria. CA), a formalin-fixed, paraffin-- 
embedded (FFPE)-suiiable commercial immunohistochem- 
ical analysis assay, gained approval from the US Food and 
Drug Administration (FDA) in 1998 in part for its promise of 
standardization.^^ Subsequent reports documented low speci- 
ficity of the HercepTest 2+ category compared with gene 
amplification assays such as HSH,*^'^^-*' some authors even 
calling for elimination of the 2+ category as a criterion for 
trasiuzumab therapy.^'' Others have continued to advocate 
immunohistochemical analysis over FISH for its lower cost 
and greater availability, proposing manual or digital-assisted 
subtraction of background HER2 immunostaining using= 
benign epithelium as a way of improving HercepTest speci- 
ficity. Benign breast epithelium was available in only 
54% of the HercepTest slides in one recent series, however." 
Finally, proposals to subtract background epithelial staining 
have not clearly di.stinguished membrane-associated 
immunostaining. which may represent normal HER2 expres- 
sion,--*-^-^'* from cytoplasmic staining, widely regarded as 
nonspecific.^-'"^ 

One postulated advantage of immunohistochemical 
analysis over FISH for HER2 determination is the potenull 
to detect protein overexpression in HER2-nonamplified 
tumors. Such ovcrcxpression-posiiive/amplification-negan 
tive tumors occur in 2>% to 8% of breast cancers in most 
series,-^*-' but were as high as 29% and 31% in compar- 
isons of the PathVysion (Vysis, Downers Grove, IL) FISH 
assay with the HercepTest immunohistochemical^^ a.^say 
and the Genentech clinical trials assays^' respectively. In a 
study of 900 breast cancers, howc\'er. Pauletri et aP^ found the 
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immunohistochcmical-FlSH discrepant rumors behaved clini- 
cally as predicted by FISH. Finally, Tubbs et aJ^ found that the 
immunohistochemicaUy 2+/FISH-negative tumors contained 
no detectable HER2 messenger RNA (mRNA), indicating thai 
up-reguladon of HER2 gene aanscription without gene ampli- 
fication is unlikely. These studies indicate that the majority of 
immunohistochemicaUy positive/HSH-negaiive mmors are 
false-positive immunohistochemical results. 

V pauletii ei al^^ and Kallioniemi ct al^^ described the 
sirnultaneous enumeration of HER2 genes and chromosome 
17 centromeres by HSH, defining HER2 gene amplification 
as the ratio of HER2 gene copies per chromosome 17 
centromere. Two-color HSH is highly sensitive {%%'9m 
and specific (100%) compared v-ith Southern blot analysis. 
The FDA-approved FISH assay, PathVysion. also uses a 
dual-prpbe system for simultaneous enumeration of HER2 
genes and chromosome 17 centromeres in FFPE breast 
tumors. Another FDA-approved commercial FISH assay. 
INFORM (Veniana Medical Systems, Tucson, A2), defines 
HER2 gene amplification as a mean absolute HER2 gene 
rcbpy number of more than 4 per tumor nucleus. A study by 
Pauletii et al^^ using the PathVysion FISH system in 900 
breast cancer patients found chromosome 17 correction 
essential for demonstration of HER2 gene amplification; 
others believe it is unnecessary.^ 

We determined the HER2 status of a diverse group "f 
primary breast cancer specimens using the HerccpTcsi 
immunohistochemical and" PathVysion FISH assays. The 
concordance between 2 experienced surgical pathologists 
(S.R.M., TJ-L.) in assessing immunohistochemical scores 
was determined. We also compared the HER2 gene and 
-chromosome 17 (CEP17) copy numbers in relation ij 
irmtiundhistochemical score and attempted backgroun 
• subtraction using benign epithelium as has been proposed to 
improve the specificity of the immunohistochemical 2+ 
group.*^-^* Finally, we compared 2 definitions of HER2 gen* 
amplification: absolute HER2 copies per tumor nucleus 
(threshold. 4.0) and HER2 copies per chromosome 
centromere (threshold, 2.0). 



■ii 



Materials and Methods 

S^ples' 

' The study used paraffmized tumor blocks from ^ 
bmast cancers submitted for HER2 analysis from the hosP*^ 
tals and clinics of the Allina Health System 0^']^^^T^ 
MN), a diverse group of hospitals and outlying clinics ui 
upper Midwest. The specimens (I I from needle core bi^^ 
sies, 72 from open or lumpectomy cxcisioas, 49 from mas^^ 
toniies. 31 from metastatic lesions, and 52 from unspect 
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\ ; 1^5) had all underrgone fixation in neutral buffered 
' J^Jiliru although ihe specific nxation protocol varied. 

i irnmunohistochem.cal a/ialysis was performed as speci- 

1 r d by the manufacturer using che HercepTesi kit. Bncfly. 3- 

; 1 oaraffin sections were placed in an oven overnight at 

" -A The slides were dewa.xcd in xylene, rehydrated in 

• ' dcd alcohol, incubated in citrate buffer at 95=C (in a water 

\ ;„h) for 20 minates, and then washed in water for 5 : 
■ ninuics. The slides then were pUced on an immiinostaine^ 
^ IdaKO) using the primary polyclonal antibody and-iwlymec 

Ltection system supplied by DAKO. Following imftSunohis- 
; .Chemical analysis staining, the slides were placed m hema- 
\ ,o,ylin for 1 minute, dehydrated in graded alcohol, cleared 
- j„ xylene, and coverslippcd. 

TWO pathologists independently scored slides as 0. I+. 

^+ or 3+ according to DAKO guidelines. Cytoplasmic 
\ staining was ignored. Only invasive tumor was scored. 

• 5^^res of 0 or 1+ were regarded as immunohuiiochemically 
] ^gaiive and 2+ or 3+ as immunohistochemically positive, 
i Discrepant itnmunohistochemical scores were resolved at the 
' -..headed microscope. The consensus immunohUtochemie:|, 



1 ^ce was used for comparison with the nSH results 
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HER2 "ene ampl>ric^..-n was defined as an HER2;CEPI7 
ratio 0^2.0 or more (as specified by Vysis). HER2/CEP17 
ratios between 2.0 and 5.0. inclusive, were designated "low. 
copy" HER2-amplifcd. while those greater than 5.0 were 
designated "high-copy- amplified. HER2 gene amplif.cauon 
using the absolute HER2 gene copy number wa.s defined a.s a 
mean of 4.0 or more HER2 signals per tumor nucleus.' 
Modal CEP 17 counLs per 60 tumor nuclei were taken as the 
chromo.>omc 17 copy number for each case, with modal 
CEP 1 7 counts of 1. 2. and 3 or greater indicating chromo- 
some 1 7 monosomy, disomy, and polysomy. respectively. 

To examine the relationship between the immunohi.sio- 
chemical score and the chromosome 17 copy number of 
HER2-nonamplified tumors, we used both the Vysis-spea- 
ficd HER2/CEP17 ratio of 2.0 and a ratio of 1.8 as thre.sh- 
olds for amplification. The logic for including the lower 
HER2/CEP17 cutoff of 1.8 was that whereas the 2.0 cutoff is 
a clinical threshold determined by response to OAF 
(cyclophosphamide, doxorubicin. 5-fluorouracil) 
chemotherapy" in theory, the HER2/CEP17 ratio of an 
HER2-nonamplificd tumor should be near 1.0 (as the HER- 
gene resides on chromosome 17). Thus, many tumors in the 
HER2/CEP17 rauo interval 1.8 to 2.0 may well be low-level 
HER2 gene-amplified. 
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Kluorescence In Situ Hybridiiation 

FISH was performed as specified by the manufacturer. 
*ith minor modifications. The PathVysion kit includes a 
SpectrumOrange-labeled DNA pmbc specific for the HER2 
.enc locus and a SpcctrumGreen-labeled probe specific for 
*e alpha satellite DNA sequence at the ceniromenc region 
of chromosome 17 (CEP17), Briefly. 4'-Mm-thick paraffin 
jectibns'were-'cut (in organosilane-coafcd ^slides, deparaf- 
finized. pretr^ate-d in 0.2N hydrochloric acid and sodium - 
aiiocvanate as specified, then digested, in protcasd sottitidn ^t: 
37»C for 12 minutes (rather than 1 0,- as specified-. m the 
package insert). After washing, the slides wcre^Cxed in 
neutral buffered formalin for 10 minutes, washed, dned 
denatured in 70% Ibrmamidc-siandard saline citrate, and 
hybridized with the HER2/CEP17 dual-probe mixture. After 
posthybridizalion wa..hing. the slides were dried, counter- 
stained with 4.6-diaminidc^2.phenylindole dihydrochlonde 
(DAPI). and coverslipped. Finished slides were stored at 
-20'C and evaluated within 24 hours. 

FISH slides were scored by 1 observer (J.S.) according 
,0 the manufacturer's guideUnes. SpectrumOrange and Sp«:- 
inimGrecn signaU were enumerated in 60 lunrior nuclSi; 
Total orange (HER2) and green (CEP17) sigiiiW'were 
recorded, a., was the HER2/CEP17 ratio. Small samples 
(,uch as core biopsies) containing fewer than 60 tumor 
nuclei were included if high quality, nonoverlappmg wmor 
and normal nuclei were evident. Chromosome 17-conectcd 



Statistical Methods 

FISH results were compared using total HER2 and/or 
CEP R signals per 60 nuclei (or nornialized to 60 when 
fewer nimor nuclei >yere available) and the / test method for 
comparison of means. 
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Results 

: Of 215 tumors. 10 wer« excluded for analytic failure (7 
nSH 3 immunohistochemical analysis) and 7 for msuffi- 
cient tumor, leaving 198 samples for dual immunoh...to- 
cheiTUcal and FISH analysis. „ 0<;% 

Pathologist concordance was 78% overall and 95%. 
62% 75%. and 83% for the 3-h. 2+. and 0 immunohisto- 
chemical groups, respectively. When samples were grouped 
as invnunohistochemical positive (2.. 3.) <>^;«^'"""f 
chemical negative (0. 1+). pathologist concordance was 92 /. 

and 96%. respectively. 

AS classified by manufacturer guidehnes. 86 (43.4 ^) oi 
198 cases were positive for HER2 overexpress.on by 
HercepTcst (immunohistochemically ^^'^'^^'^J-^^^i 
(33.8%) of 198 were positive for HER2 gene ampl.ficaaon 
by PathVysion (FISH-positivc) ITaMc H and -Image 11 
iLy-four nSH-positive cases (51%) were lo-^^P^ f ^ 
gene-amplified, and 33 (49%) were high^opy ^'"Pj'^^.'*- 
high-copy amplified cases were immunohistochemically 

4m J C/inPstM 20)2:117.905-9-13 VXl 
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liable II 

Immunohi<i(ochemical Score and HEIt2/CEP17 Fluorescence 
In Situ Hybridiraiion Ratio for I9ft Breast l^imors* 

HER2/CEP17 Ratio 

Ixnmunohisio- 

chtmicol <2.0 (Non- 2.0-5.0 {Low-Copy >5.0 (High-Copy 



Score ftmpUGed) 


Amplified) 
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Total 


0 51 
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53 


1+ 54 
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59 


2- 26 


14 
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3+ 0 


13 


28 


41 


Total 131 


34 


33 
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' The unmunohiMochcmcal icore \\ ihe consensus xcor* by 2 pnthologisLs aocordinj^ 
(0 Hcr<:cpTest guidelines. The raiio is for HERi'CEPn vij^nnU in 60 tumor nuclei' 
according 10 PatbVy^ion guidclincx For prpprieiary infcrmailon. t« the tc;t[. 



positive, while low-copy amplified cases occurred among all 
immunohistochemical groups (Table I). All 41 3+ immune- ^ 
histochL'mical Cs'^ses were positive by RSH. Of 131 FISH- 
negative cases, 26 (19,8%) were immunohistochemically 
positive (all 2+). Of 67 FISH-positive cajses, 7 (10.4^) were 
immunohistochemically negative (immunohistochemical . 
score 0, 2 cases: immunohistochemical score 1+, 5 cxses): 
Among ihc FISH-positive-immunohistochemically negative; s 
tumon;, the HER2/CEP17 ratio was borderline (2-04-2.14) in- 
5 cases and 2.32 and 4.05 in I case each- 
Consensus immunohistochemical scores correlated with 
mean HER2 gene copy number, mean CEPi7 number, and 
the HER2yCEP17 ratio ITablc 21. Among 131 FlSH-negaiive 
tumors, consensus immunohistochemical scores were 



weakly related to mean CEP 17 copy number in a trend thai 
approached statistical significance when the FISH threshold 
for amplification was lowered from 2.0 to 1.8 ITabIt* 3L 
Lowering the HER2/CEPI7 cutoff. to 1.8 removed 1 1 lumon 
from the nonamplified group as defined by. the Vysis-speci- 
f5ed clinical cutoff of 2.0.^^ 

HER2 gene amplification a.s defined by absolute (mean 
HER2 signals per nucleus of 4.0 or more) and by chromo- 
some l7-correctcd (HER2/CEP17, 2.0 or more) criteria 
agreed in 178 (89.9%) of 198 breast tumors liable 41. Seven- 
teen tumors classified as amplified by absolute criteria were 
nonamplified when chromosome 17H:orrccicd. Three iumo5 
were HER2-nonamplified by absolute criteria but were 
borderline amplified (H£R2yCEP17 ratios of 2.02, 2.1 1, and 
2.17) when corrected for chromosome 17. 

Of 198 immunohistochemical slides, 105 (53.0*^) 
contained sufficient benign epithelium to evaluate back- 
ground immunostaining as suggested by Jacobs et al*^ and 
Lehr ct al.^' Of these 105 slides, 37 (35.2%) demonstrated 
weak to moderate epiiheliaJ-associated immunostaining ihJ( 
was unrelated to the respective mmor immunohistochemical 
score or f^SH grouping (not $hown). Of 26 immunohi.sio- 
chcriiically 2+/FISH-negativc ca.ses, 1 1 contained sufilcieni 
benign epithelium for background asses.sment. 4 of which 
demonstrated weak to moderate immunostaining. The 
pattern of HER2 Immunostaining a.<;sociatcd with normal 
epithelium was''one that highlighted the basal and lateral cell 
membranes, while the luminal epithelial surfaces and 
surrounding myoepithelial cells were invariably immunonc^- 
ativc Hmage 21. Review of all 198 tumors revealed 20 with a 



llmagc )l A. Breast carcinoma, innmunohistochennlcal score 3Hr;*with dense, membrane-associated reaction indicating HEB2 
protein cNerexpression (HercepTest with hematoxviin counterstain, x400). B. Corresponding 2-color fluorescence in situ 
hybriaization Image showing dense dusters of SpecinjmOrange (red) signal indicating HER2 gene amplification. HEH2/C6Pl^ 
f^tto = 11.5 (x 1.000). For propnetary information, see tne text. 
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1 .„ilaf basobwral pattern of immunostaining llmagc 31: aU 
•'1 low to moderate grade, tubule- forming tumor, w.jh 
• ' nsus immunohistochemical scores of l+. 2+.;0. =ir.d 3+ 
i p 5 2 and 1 tumor, respectively. Seventeen of 20 tumors 
: h'basoialeral immuaostaining were HSH-negativc. wh.le 
! ^tre borderline FISH-positive (I HER2/CEP17 rat,o of 
' 2 00 and 2 with ratios of 2.08). 
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' piscussion 

i By using solid-matrix blotting methods and frozen, 
action immuaohistochemical analysis. SIamdn'et>al,v- 
i rnM HER2 protein overexpre.wion and gene aiiipUficauon 
»iih aggressive clinical behavior in a subset of.pnmary 
Ut and ovarian cancers. Currently. HER2 asses.^ment for 
,,inical purposes uses immunohistochcmical analysis and 
■ c[SH techniques that permit retrospective and cancer 
i rtll^pecific analysis.'* Following its FDA approval tn 1998. 
' reports of HcrcepTest false-positive rates approaching 50% ■ 
i ,ed to suggestion-s that HSH replace '"-""^^mo^^^^^^^^^^^ 
i analysis for clinical HER2 determ.nationl 
1 HtepTe-.' 2. breast tumors be confumed by FISH." Tubbs 
' e, il^o called for the FDA-mandated retraction of the. 

HercepTcst 2+ score as a criterion for trastuzum^b therapy. 
1 Citing cost-effectiveness and the general availability ot 
immunnhistochemical analysis. Jacobs et al'" andrLchr et 
1 al^' proposed using benign epithelium to correct for back- 
< .round immunostaining as a way of improving HercepTcst 
' specificity. Background correction was impractical m our 
) «ries. however, as only 105 (53.0%) of the mmor immuno- 
i histochemicaJ slides included sufficient benign epithelium. 

Hoang cl aP similarly reported that only 54% of their tumor 
I HercepTest slides contained benign epithelium, although m 
i Qieir series, the normal epithelium appeared unstained. In our 
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H£R2 aid CEP17 Copies by fluorescence In Situ Hybridl- ^ 
"ation vs Immunohistochcmical Score in 198 Brvasi Tumors 


1 mmunohi.<lo- Mean HER! 
chemical Score per Nucleus 


Mcun CEP17 
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Rutin 
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3+ 19-65 
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series 37 of 105 immunohislochemical slides with benign 
epithelium showed detectable immunostaining in a delicate 
ba.sal and lateral membrane pattern, with negative lummal 
surface.?. The basolateral pattern of immunostainins is 
consistent with reports of HER2 expression in benign epithe- 
lium as detected by light and electron microscopy ■ U is 
unclear from the reports of Jacobs et al'« and Lehr ct al- 
whether the rcponed background epithelial HER2 immuno- 
staining pertains to cytoplasmic reactivity, which is generally 
regarded as non-specific, or membrane-associated staining, 
which mav represent nonnal HER2 protein expression. 

The low level of HER2 protein associated wuh nomial 
epithelium observed in our series may not have been 
detectable in immunohistochemical assays predating the 
HercepTtest. which uses a potent polyclonal rabbit antibody 
reagent, heat-induced epitope retrieval, and polym« detec- 
tion A molecular basis for the basolateral pauem of normal 
HER2 immunostaining described herein is Pr°-»''^^ =^ 
repon describing a specific erbB-2 binding protein. ERB N. 
which serves to locidize the HER2 molecule^to the basolat- 
eral triembrane of mammalian epithelial ccils.-^ 



. ™ and CEF17 Cop, Niiii^b, rtuorescence In Situ Hybridization in HERl-NonampHCed 
Immunoh'istochemical Score and CEPI / copy i^"";;^.' J ^ 
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ITable 41 

HER2 Gene AmpUncation Defined by HER2/CEP17 Ratio 
and Mean Absolute HER2 Gene Copy Number iri 198 ^ 
Breast lb mors* 





HER2/CEP17 Ratio 




Ab«)lulcHER2 
Signel.s Mean 


<2.0 (-) 


22.0 (+) 


Total 


HER2 2:4 0 (+1 
HcR2 <4.0 H 
Total 


17 (+/-) 
115 f-/-) 
132 


63 (+/t) 
3 (-/+} 
66 


80 
118 
198 



CEP 1 7. chromowmc 17: +. positive; -. negative. 

• T>c ratio of HBR2/CEri 7 signals in 60 turner nuclei. The mean nb^olutc is U^e 
numhcf of HER2 ..i^nalJ per tumor nucleuv Panrnthcie-. show result bv abioJutc 
HtR2 cmenn follcu-cd by refuli by HER2/CEPn ratia. " ^ ' 



Review of our immunohistochemical slides disclosed 20 
low to moderate grade, tubule-forming aimors with the ba<io- 
lateral pattern of irmnunostaining. These 20 tumors were 
predominantly immunohisiochemically 1+ (12 cases) or 2-f 
(5 cases) and HER2.nonampIified (17 cases) or borderline 
amplified (2 HER2;CEP17 ratios of 2.08, and 1 of 2.00). It 
would be of interest to know whether the discontinuous, 
partial membrane staining associated with the classic 
immunohistochemical J+ tumor staining paiiem'^ reflects 
specific HER2 protein localization by the erbB-2 binding > 
protein, ERBIN, 

Two commercially available, FDA-approvcd FISH 
assays are available for the determination of HER2 gene 
ampiifjcation in FFPE breast tumors. These FISH assays 




■Image 21 Benign epitheliunn m HercepTest 
imn-,unoh)StochemicaI slide (tumor not shown). Basal and 
lateral cell membrsnes are stained; while (umfnal surfaces 
(with apical snouts) and surrounding myoepirhelial cell$ are 
unstained (HercepTest with hematoxylin counierstain," 
>tl.OOO). For proprietary information, see the text. 
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V ' > differ in whether the threshold for HER2 gene amplificarion 
is defined by absolute (a.s in INFORM) or chromosome 
17-corrected (as in PathVysion) HER2 gene copies. 
Although we did not compare these 2 commercial FISH 
assays, by applying the absolute threshold of 4.0 or more 
HER2 signals per nucleus to our series, we found 17 tumors 
with chromosome 17 polysomy that were HER2-ampIined 
by absolute criteria, but HER2-nonamplified when chromo- 
some 17-correcied. Eight of these 17 chromosome 17 
polysomic tumors were immunohistochemically 2+ and 
were regarded as immunohistochemical false-positive 
results. It is unclear whether the HER2 protein obser^'ed in 
; these tumors results from the additional chromosome I? 
cdpies (and consequent extra HER2 genes), although amon" 
all HER2«nonamplified (FISH-negative) tumors, a weak 
association was found between immunohistochemical .score 
and mean CEP17 copy number that was sireneihened if the 
HER2/CEP17 ratio threshold for amplification was lowirrcd 
from 2.0 to 1.8. Finally. 3 tumors (2 with immunohistochem- 
ical scores of 2-t- and 1 u-ith a score of 1+) that were HER2 - 
amplified by chromosome 17 correction (HER2/CEPI7 
ratioi 2.0 or more) contained fewer than 4.0 mean HER2 
genes per tumor nucleus: all had borderline HER2/CEPt7 
ratios (2-02, 2.1 1, and 2.17). Tliebe data corroborate the u.v 
' of -a chromosome 17 centromeric probe in correcting for 
chromosome 17 copy number changes when a:;.";aying for 
HER2 gene amplification by FISH. 

The relationship between HER2 gene copy number, 
surface HER2 protein density, and clinical behavior ij: of 
biologic and clinical interest. '-^*^'^ Any potential benefit from 
trastuzumab therapy among immunohistochemically > 
breast rumors would likely be obscured in a clinical study a> 
a result of the heterogeneity of HER2 gene statu.s among iIk' 
immunohistochemically 2-f- group. Nevertheless, oitr d:iP 
suggest that clinical trials using only the immunohistochemi- 
•xally^ 5-J- standard to define HER2 overexprcssion will 
Iarg^«!ly $.t\QcX for high-copy (>5 HER2 genes per nucleusi 
^ amplified tumors. Although exciu.sion of immunohistochem- 
ically 2+ tumors would eliminate many immunohistocheni- 
ical false-positive results, in our scries, 14 low-copy '^^^ 
high-copy HER2-amplifjcd tumors also would have been 
eliminated. The low-copy H£R2-amplified tumors consiii^f^* 
a group that may have prognostic relevance'"* and can 
accurately defined only by 2-color FISH using simultancnti^ 
probes for HER2 and chromosome 17. FISH assay-s .<;imulii»- 
neously enumerating HER2 and chromosome 17 copi'-'* 
offer the greatest re.wlution in detecting breast tumors ^^'^'^ 
alterations of the HER2 gene. As immunohistochemtca' 
methbd's cannot control for low-level immunostaininc t^i^^' 
may be normal or possibly the result of chrnmo.soine 1' 
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llmagcai A (Case 160), Tubular carcinoma. Reaction product 
lightly decorates basal and lateral membranes. Luminal 
surfaces are negative iHercepTest with hematoxylin 
counterstain, xl.OOOJ. B (Case 122), Moderately 
differentiated duaal carcinoma. Reaction product highlights 
basal and, focally. lateral membranes. Luminal aspects of 
neoplastic cells are unstained (HercepTest with hematoxylin 
counterstain. xl.OOO). C (Case 64), Neoplastic gland in a 
case of mucinous carcinoma. Reaction product highlights 
basal membrane, wth light focal lateral membrane staining 
(HercepTest with hematoxylin counterstain. xi.OOO). For 
proprietar/ information, see the text. 



likely will remain biologically and clinically heterogeneous. 
The possibility that absolute HER2 copy number correlates 
better with HER2 protein wpression level than chromosome 
n-corrected copy number deserves further inycsu^gaMn. 
A recent clinical study using simultaneous probes «fcr. the v 
chromosome 17 centromere and HER2 gene found -thai the 
clinical outcome was related to absolute HER2 and lo- chro- 
mosome 17-corrccted HER2 copy number.'* 

A., in previous studies."-" a strong concordance 
between FISH (using chromosome 17 correction) and 
itnmunohistochemical analysis was found for the most 
intensely positive (immunohi-Stochcmical score 3+) and 
negative (immunohistochcmical score 0 or 1+) tumors but 
not for the immunohistochemically 2+ group (approximately 
60% FlSH-negative and 40% FISH-positive herein). 

Of 33 tumors with discrepant immunohistochemical.and 
RSH results. 26 were immunohistochemically pdsliive and j 
nSH-negaiivc (all immunohistochemically 2+). and otily 7 



were immuttohistochemically negative and FISH-pos.tivc 
(all low-copy HER2-amplified). The clinical .significance of 
the immunohisiochenucally posiuve-FISH-negative tumors 
has been addressed recently in a large cohort (n = 900) of 
breast cancers, in which no outcome difference was found 
between the immunohistochemically posiiive-FISH-negative 
and the immunohistochemically negative-FISH-negative 
tumors.'^ In addition, a recent study of mRNA expression in 
breast tumors found the immunohistochemically 24-FISH- 
negative mmors expnissed no HER2 mRNA. suggesting the 
immunost^ning of these single HER2 gene copy tumors was 
not the result of up-regulated HER2 gene (ranscnption.- 

The clinical significance of the rare (7 of 198) .nununo- 
histochemically negativc-FISH-positive breast tumors is 
uncertain. In our scries, all immunohistocheinKally nega- 
tive-nSH-posiiive tumons wcrt low-copy (2-5 HER2 signals 
per CEP17 signal) HER2-amplifed. Clinical studies using 
color nSH to straufy tumors by absolute and chromosome 
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17-corTtcted HER2 copy number, with correlaiion to prog- 
nostic and therapeutic cndpointi, should cJarify the immuno- 
histochemicaJly negativc-RSH-positivc cases. 

FISH and the HercepTesT assay are highly concordant 
for immunohistochcmically 3+ and negative (immunohisio- 
cheinical score 0. 1+) breast tumors, although the immuno- 
histochemically 2+ group includes both HER2-amplifed and 
HER2-nonamplified tumors. The mechanisms of HER2 
expression among nonajnplifitd tumors with immunohis to- 
chemical 1+ and 2+ immunosiaining arc unclear, but may 
reflect intact normal pathways of HER2 expression and 
membrane localization or may possibly involve chromo- 
some 17 polysomy. Detection of normal levels of HER2 
protein on benign epithelium and HER2-nonampIified 
tumors is not surprising given potency of the HercepTcst 
assay. ERBIN, a receptor protein specifically localizing 
HER2 to the basolateral membrane,^ may provide a molec- 
ular basis for understanding the microscopic patterns of 
immunostainitig observed in association with benign epithe- 
lium and some lubulc-fomiing, HER2-nonamplified breast 
tumors. Fin/lly, when FISH is used to detect HER2 gene 
amplification, use of a chromosome 17 centromeric probe 
(as in the PaihVysion kit) is cioicial for distinguishing breast 
tumors with low-level HER2 gene amplification from those 
with chromosome 17 polysomy. It seems unlikely that 
adjustment of the immunohistochemical score using benign- 
epithelium will improve the specificity of the HercepTesi 2+" 
group. Continuing advances in early breast cancer detection^ 
and the use of smaller biopsy techniques are trends tliat will 
lead to smaller biopsy specimens, further reducing the 
amount of additional benign epithelium available as internal 
control tissue. 
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